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PlilEFACE 

This manual provides general information, installation, programming information, 
principles of operation, and service information for the Intel SBC 80/10 and 
SBC 80/lOA Single Board Computers. Unless specified otherwise, references to 
the SBC 80/10 are valid for both systems. The areas where differences occur 
are identified as "SBC 80/10 only" or "SBC 80/lOA only." Additional systems 
information and component part details are available in the following documents: 



Intel Microcomputer Systems Data Book , Part No. 98-A14 

Intel 8080 Microcomputer Systems User's Manual , Part No. 98-153 

Intel Multibus Interfacing Application Note , AP-28 

Intel 8255 Programmable Peripheral Interface Application Note , AP-15 

Intel 8251 Universal Synchronous /Asynchronous Receiver/Transmitter 

Application Nota , AP-16 
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CHAPTER 1 
INTRODUCTION 

The SBC 80/10 and SBC 80/lOA are members of Intel's complete line 
of OEM computer systems which take full advantage of Intel's LSI tech- 
nology to provide economical, self-contained computer based solutions 
for OEM applications. The SBC 80/10 and SBC 80/lOA are complete com- 
puter systems, each on a single 6.75-by-12 inch printed circuit card. 
The CPU, system clock, read/write memory, non-volatile read-only-memory, 
I/O ports and drivers, serial communications interface, bus control 
logic and drivers all reside on the board. 

Throughout this manual, reference to the SBC 80/10 are valid for 
both the SBC 80/10 and SBC 80/lOA. The areas where differences occur 
are identified as "SBC 80/10 only" and SBC 80/lOA only." 

Intel's powerful 8-bit n-channel MOS 8080A CPU, fabricated on a 
single LSI chip, is the central processor for the SBC 80/10 and 
SBC 80/lOA. The 8080A contains six 8-bit general purpose registers 
and an accumulator. The six general purpose registers may be addressed 
individually or in pairs providing both single and double precision 
operators. The 8080A has a 16-bit program counter which allows direct 
addressing of up to 64K of memory. An external stack, located within 
any portion of memory, may be used as a last in/first out stack to 
store and retrieve the contents of the program counter, flags, accum- 
ulator and all of the six general purpose registers. A sixteen bit 
stack pointer controls the addressing of this external stack. This 
stack provides almost unlimited subroutine nesting. Sixteen-line 



1-1 



address and eight-line bl-dlrectlonal data busses are used to facilitate 
easy Interface to memory and I/O. 

The powerful 8080A Instruction set allows the user to write effic- 
ient programs in a minimum amount of time. The accumulator group 
instructions Include arithmetic and logical operators with direct, 
register direct, and Immediate addressing modes. Move, load, and store 
instruction groups provide the ability to move either 8 or 16 bits of 
data between memory, the six working registers and the accumulator 
using all addressing modes. The ability to branch to different portions 
of a program is provided with jump, jump conditional, and computed 
jumps. The ability to conditionally and unconditionally call to and 
return from subroutines is provided. The RESTART (or single byte call 
instruction) is used for Interrupt operation. Double precision operators 
such as stack manipulation and double add instructions extend both the 
arithmetic and Interrupt handling capability of the 8080A. The ability 
to increment and decrement memory, the six general registers, and the 
accumulator is provided as well as extended increment and decrement 
instructions to operate on the register pairs and stack pointer. 

The difference between the SBC 80/10 and SBC 80/lOA is in the 
type and quantity of memory available on each board. 

The SBC 80/10 contains IK 8-blt words of read/write memory using 
Intel's 8111 Low Power Static RAMs. Sockets for up to 4K 8-blt words 
of non-volatile read-only memory may be added In IK byte Increments 
using Intel's 8708 Erasable and Electrically Reprogrammable ROMs (EPROMs) 
or Intel's 8308 Metal Masked ROMs. 
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The SBC 80/lOA contains IK 8-bit words of read/write memory using 
Intel's 8102 Low Power Static RAMs. Sockets for up to 4K or 8K words 
of non-volatile read-only memory are provided on the SBC 80/lOA. Up to 
4K of read-only memory may be added in IK byte increments using Intel's 
8708 Erasable and Electrically Reprogrammable ROMs (EPROMs) , Intel's 
2758 Erasable and Electrically Reprogrammable ROMs (EPROMs), or Intel's 
8308 Metal Masked ROMs. Optionally up to 8K words of read-only memory 
may be added in 2K byte increments using Intel's 2716 Erasable and 
Electrically Reprogrammable ROMs (EPROMs) or Intel's 2316E Metal 
Masked ROMs. 

The SBC 80/10 contains 48 programmable parallel I/O lines im- 
plemented using two Intel 8255 Programmable Peripheral Interface 
devices. The software is used to configure the I/O lines in combinations 
of unl-directlonal input/output, and bidirectional ports. Therefore, the 
I/O interface may be customized to meet specified peripheral require- 
ments. In order to take full advantage of the large nimiber of possible 
I/O configurations, sockets are provided for interchangable I/O line 
drivers and terminators. Hence, the flexibility of the I/O interface 
is further enhanced by the capability of selecting the appropriate 
optional line drivers and terminators for each application. 

A programmable serial communications interface using Intel's 8251 
Universal Synchronous /Asynchronous Receiver/Transmitter (USART) is con- 
tained on the board. The USART can be programmed by the systems soft- 
ware to provide virtually any serial data transmission technique pres- 
ently in use (including IBM Bi-Sync) . The mode of operation (i.e., 
synchronous or asynchronous), data format, control character format, 
parity, and asynchronous serial transmission rate (within limitations 
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given later) are all under program control). The 8251 provides full du- 
plex, double buffered transmission and receive capability. Parity, over- 
run, and framing error detection are all incorporated in the USART. The 
inclusion of jumper selectable teletype, or RS232C compatible interfaces 
on the board in conjunction with the USART provide a direct interface 
to a teletype, CRT, RS232C compatible devices, and asynchronous and 
synchronous modems . 

A single-level interrupt may originate from any one of six sources 
including the USART, Programmable I/O interface, and two user designated 
interrupt request lines. When an interrupt request is recognized, a 
RESTART 7 instruction is generated. The processor responds by suspend- 
ing program execution and executing a user defined interrupt service 
routine originating at location 38^,. 

Memory and I/O expansion may be achieved using standard Intel 
boards. Memory may be expanded to 65,536 bytes b> adding user speci- 
fied combinations of SBC 016 16K byte RAM board, SBC 406 6K byte and 
SBC 416 16K byte PROM boards. Input/output capacity may be expanded 
in increments of 4 input ports and 4 output ports using SBC 508 Input/ 
Output boards. Expandable backplanes and cardcages are available to 
support multi-board systems. 

The development cycle of SBC 80/10 based OEM products may be 
significantly reduced using the Intellec Microcomputer Development 
System. The resident assembler, text editor, and system monitor 
greatly simplify the design, development, and debug of SBC 80/10 
based system software. A unique In-Circuit Emulator (ICE-80) 
option provides the capability of executing and debugging OEM system 
software directly on the SBC 80/10. 
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Intel's high-level language, PL/M, can be used to significantly 
decrease the time required to develop OEM system software. 
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CHAPTER 2 
FUNCTIONAL DESCRIPTION 

For descriptive purposes, the circuitry on the SBC-80/10 can 
be divided into six functional blocks: 

1) CPU Set 

2) System Bus interface 

3) Random Access Memory (RAM) 

4) Read Only Memory (ROM/PROM) Logic 

5) Serial I/O Interface 

6) Parallel I/O Interface 

as shown in Figure 2-1. 

The CPU Set consists of the 8080A Control Processor, the 8224 
Clock Generator and the 8238 System Controller. The CPU Set is 
the heart of the SBC-80/10. It performs all system processing 
functioi:is and provides a stable timing reference for all other cir- 
cuitry in the system. The CPU Set generates all of the address 
and control signals necessary to access memory and I/O ports both 
on the SBC-80/10 and external to the SBC-80/10. The CPU Set is 
capable of fetching and executing any of the 8080 's seventy-eight 
instructions. The CPU Set responds to interrupt requests origi- 
nating both on and off the SBC-80/10, to HOLD requests from modules 
wishing to acquire control of the system bus, and to WAIT requests 
from memory or I/O devices having an access time which is slower 
than the 8080 's cycle time. 

The System Bus Interface includes an assortment of circuitry 
which gates interrupt requests, HOLD requests, READY (no wait inputs and 
the system reset input to the appropriate pins of the CPU Set. Other 
circuits drive the various external system control signals. The 
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FIGURE 2-1. FUNCTIONAL BLOCK DIAGRAM 



System Bus Interface also includes two 8216 bi-directional bus drivers 
which drive the memory data bus on the SBC-80/10. Six 8226 devices 
drive the external system data and address busses. 

The Random Access Memory (RAM) section provides the SBC 80/10 and 
SBC 80/lOA user with 1024 X 8-bits of on board read/write storage. 
Eight Intel 8111 Low Power Static RAMs (256 x 4-bit each) are mounted 
on the SBC 80/10. The SBC 80/lOA has eight Intel 8102 Low Power 
Static RAM chips (1024 x 1-bit each). Both boards contain the necessary 
acknowledge and memory address decoding logic. 

The Read Only Memory (ROM/ EP ROM) section provides the user with the 
necessary provisions for installing up to 4096 x 8-bits of ROM or EPROM 
on the SBC 80/10 and up to 8192 x 8-bits of ROM or EPROM on the SBC 80/lOA. 
The 80/10 and 80/lOA have four 24-pin sockets that can accept either 
Intel 8708 Erasable and Electrically Reprogrammable ROM (EPROM) chips, or 
Intel 8308 Metal Masked ROM chips. Optionally, the SBC 80/lOA accepts 
Intel 2716 Erasable and Electrically Reprogrammable ROM (EPROM) chips, 
Intel 2758 Erasable and Electrically Reprogrammable ROM (EPROM) chips, 
or Intel 2316E Metal Masked ROM chips. The total ROM/EPROM memory 
capacity using 8208, 8308 or, 2758 chips is 4K x 8-bits and 8K x 8-bits 
using 2716 or 2316 E chips. Both the 80/10 and 80/lOA boards include 
the necessary acknowledge and memory address decoding circuitry. 

The Serial I/O Interface , using Intel's 8251 USART device, pro- 
vides a bi-directional serial data communications channel that can 
be programmed to operate with most of the current serial data trans- 
mission protocols. Synchronous or asynchronous mode, buad rate, char- 
acter length, number of stop bits and the choice of even, odd or no 
parity are all program selectable. The user also has the option of 
configurating the Serial I/O Interface as an EIA RS232 interface or 
as a Teletype-compatible current loop interface. 
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The Parallel I/O Interface , using two Intel 8255 Programmable 
Peripheral interface devices, provides 48 signal lines for the transfer 
and control of data to or from peripheral devices. Eight lines already 
have a bidirectional driver and termination network permanently in- 
stalled. This bidirectional network allows these eight lines to be 
inputs, outputs, or bidirectional (selected via jumpers). The remain- 
ing 40 lines, however, are uncommitted. Sockets are provided for the 
installation of drivers or termination networks as required to meet 
the specific needs of the user system. 
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CHAPTER 3 
THEORY OF OPERATION 

In the preceding chapter we introduced each of the SBC-80/10 
functional blocks and defined what each block was capable of doing. 
In this chapter we shall go one step further and describe how each 
block performs its particular function(s). The text will constantly 
refer to the SBC-80/10 schematics, provided in Appendix A. 

Note: :Both active-high (positive true) and active-low (negative true) 
signals appear on the SBC-80/10 schematics. To eliminate any 
confusion when reading this chapter, the following convention 
will be adhered to: whenever a signal is active-low, its 
mnemonic is followed by a slash; for example, MRDC/ means 
that the level on that line will be low when the memory read 
command is true (active). If the signal is subsequently 
inverted, thus making it active-high, the slash is omitted; 
for example, MRDC means that the level on that line will be 
high when the memory read command is true. 

3 . 1 THE CPU SET 

The CPU Set consists of three Intel® integrated circuit devices: 

* 8080A Central Processor Unit 

* 8224 Clock Generator 

* 8238 System Controller 

and an 18.432 MHz crystal that establishes the frequency of oscilla- 
tion for the 8224 device via a lOpF capacitor, as shown in Figure 
3-0. Together, the elements in the CPU Set perform all central pro- 
cessing functions. The following paragraphs describe how the ele- 
ments within the CPU Set interact with all other logic on the 
SBC-80/10, The interaction between the IC's within the CPU Set, how- 
ever, is not described. Instead, the reader is referred to the Intel® 

"8080 Microcomputer Systems User's Manual" for a detailed description of 
the 8080, 8224 and 8238 devices. 
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FIGURE 3-0. THE CPU SET 



The CPU Set is shown on sheet 1 of the SBC-80/10 schematic 
(Appendix A) . 

3.1.1 INSTRUCTION TIMING 

The activities of the CPU Set are cyclical. The CPU fetches an 
instruction, performs the operations required, fetches the next in- 
struction, and so on. This orderly sequence of events requires pre- 
cise timing. The 8224 Clock Generator, provides the primary timing 
reference for the CPU Set. The crystal in conjunction with a lOpF 
capacitor tunes an oscillator within the 8224 to precisely 18.432 MHz. 
The 8224 "divides" the oscillations by nine to produce two-phase timing 
inputs ((^1 and (j)2) for the 8080. The ^1 and (f)2 signals define a 
cycle of approximately 488 ns. duration. A TTL level phase 2 (02TTL) 
signal is also derived and made available to external logic. In addi- 
tion, the output of the oscillator is buffered and brought out on OSC 
so that other system timing signals can be derived from this stable, 
crystal controlled source (e.g., the serial I/O baud rate is derived 
from OSC). All processing activities of the CPU Set are referred to 
the period of the pi and p2 clock signals. 

Within the 8080 CPU Set, an instruction cycle is defined as the 
time required to fetch and execute an instruction. During the fetch, 
a selected instruction (one, two or three bytes) is extracted from 
memory and deposited in the CPU's operating registers. During the 
execution part, the instruction is decoded and translated into spe- 
cific processing activities. 

Every instruction cycle consists of one, two, three, four or five 
machine cycles. A machine cycle is required each time the CPU accesses 
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memory or an I/O port. The fetch portion of an instruction cycle 
requires one machine cycle for each byte to be fetched. The duration 
of the execution portion of the instruction cycle depends on the kind 
of instruction that has been fetched. Some instructions do not re- 
quire any machine cycles other than those necessary to fetch the in- 
struction; other instructions, however, require additional machine 
cycles to write or read data to/from memory or I/O devices. 

Each machine cycle consists of three, four or five states. A 
state is the smallest unit or processing activity and is defined as 
the interval between two successive positive-going transitions of the 
01 clock pulse. 

There are three exceptions to the defined duration of a state. 
They are the WAIT state, the hold (HLDA) state and the halt (HLTA) 
state. Because the WAIT, the HLDA, and the HLTA states depend upon 
external events, they are by their nature of indeterminate length. 
Even these exceptional states, however, must be synchronized with the 
pulses of the driving clock. Thus the duration of all states, in- 
cluding these, are integral multiples of the clock pulse. 

To summarize, then, each clock period marks a state; three to 
five states summarize a machine cycle; and one to five machine cycles 



comprise an instruction cycle. A full instruction cycle requires any- 
where from four to seventeen states for its completion, depending on 
the kind of instruction involved. 

There is just one consideration that determines how many 
machine cycles are required in any given instruction cycle; the 
number of times that the processor must reference a memory 
address or an I/O address, in order to fetch and execute the in- 
struction. Like many processors, the 8080 is so constructed that 
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it transmits one address per machine cycle. Thus, if the fetch- 
ing and execution of an instruction requires two memory refer- 
ences, then the instruction cycle associated with that instruction 
consists of two machine cycles. If five such references are called 
for, then the instruction cycle contains five machine cycles. 

Every instruction cycle has at least one reference to memory, 
during which the instruction is fetched. An instruction cycle must 
always have a fetch, even if the execution of instruction requires 
no further references to memory. The first machine cycle in every 
instruction cycle is therefore a FETCH. Beyond that, there are no 
fast rules. It depends on the kind of instruction. The input (INP) 
and the output (OUT), instructions each require three machine cycles: a 
FETCH, to obtain the instruction; a MEMORY READ, to obtain the address 
of the object peripheral; and an INPUT or an OUTPUT machine cycle, to 
complete the transfer. 

Every machine cycle within an instruction cycle consists of three 
to five active states (referred to as Tl, T2, T3, T4, and T5) . The 
actual number of states depends upon the instruction being executed, 
and on the particular machine cycle within the greater instruction 
cycle. Figure 3-1 shows the timing relationships in a typical FETCH 
machine cycle. Events that occur in each state are referred to tran- 
sitions of the ^1 and ^2 clock pulses. 

At the beginning of each machine cycle (in state Tl) , the 8080 
activates its SYNC output and issues status information on its data 
bus. The 8224 accepts SYNC and generates an active-low status strobe 
(STSTB/) as soon as the status data is stable on the data bus. The 
status information indicates the type of machine cycle in progress. 
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FIGURE 3-1. TYPICAL FETCH MACHINE CYCLE 



The 8238 System Controller accepts the status bits from the 8080 
and STSTB/ from the 8224, and uses them to generate the appropriate 
control signals (MEMR/, MEMW/, lOR/ and lOWR/) for the current machine 
cycle. 

The rising edge of 02 during Tl loads the processor's address 
lines (AO - A15) . These lines become stable within a brief delay of 
the 02 clocking pulse, and they remain stable until the first 02 
pulse after state T3, This gives the processor ample time to read 
the data returned from memory. 

Once the processor has sent an address to memory, there is an 
opportunity for the memory to request a WAIT. This it does by pulling 
the 8224»s RDYIN line low. As long as the RDYIN line remains low, the 
CPU Set will idle, giving the memory time to respond to the addressed 
data request. The 8224 synchronizes. RDYIN with internal processor 
timing and applies the result to the 8080 's READY input. The processor 
responds to a wait request by entering an alternative state (TW) at 
the end of T2, rather than proceeding directly to the T3 state. A 
wait period may be of indefinite duration. The 8080 remains in the 
waiting condition until its READY line again goes high. The cycle 
may then proceed, beginning with the rising edge of the next 01 clock. 
A WAIT interval will therefore consist of an integral number of TW 
states and will always be a multiple of the clock period. 

The events that take place during the T3 state are determined by 
the kind of machine cycle in progress. in a FETCH machine cycle, the 
CPU Set interprets the data on its data bus as an instruction. During 
a MEMORY READ, signals on the same bus are interpreted as a data word. 
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The CPU Set itself outputs data on this bus during a MEMORY WRITE 
machine cycle. And during I/O operations, the CPU Set may either 
transmit or receive data, depending on whether an INPUT or an OUTPUT 
operation is involved. Consider the following two examples. 

Figure 3-2 illustrates the timing that is characteristic of an 
input instruction cycle. During the first machine cycle (Ml), the 
first byte of the two-byte IN instruction is fetched from memory. 
The 8080 places the 16-bit memory address on the system bus near the 
end of state Tl. The 8238 activates the memory read control signal 
(MEMR/) during states T2 and T3 (and any intervening wait states, if 
required). During the next machine cycle (M2) , the second byte of 
the instruction is fetched. During the third machine cycle (M3) , the 
IN instruction is executed. The 8080 duplicates the 8 -bit I/O address 
on address lines ADRO-7 aid ADR8-F. The 82-38 activates the I/O read 
control signal (lOR/) during states T2 and T3 of this cycle. In all 
cases the system bus enable input (BUSEN/) to the 8238 allows for nor- 
mal operation of the data bus buffers and the read/write control sig- 
nals. If BUSEN/ goes high the data bus output buffers and control 
signal buffers are forced into a high- impedance state. 

Figure 3-3 illustrates an instruction cycle during which the 
CPU Set outputs data. During the first two machine cycles (Ml and 
M2) , the CPU Set fetches the two-byte OUT instruction. During the 
third machine cycle (M3) , the OUT instruction is executed. The 8080 
duplicates the 8-bit I/O address on lines ADRO-7 and ADR8-F. The 8238 
activates an advanced I/O write control signal (lOWR/) at the beginning 
of state T2 of this cycle. The nature and implications of the 8238 timing 
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will be explained later (p. 3-17). The 8238 outputs the data onto the sys- 
tem bus at the end of state T2. Data on the bus remains stable through- 
out the remainder of the machine cycle. BUSEN/ must be low to pre- 
vent the output and control buffers from being forced into the high- 
impedance state. 

Observe that a RDYIN signal is necessary for completion of an 
output machine cycle. Unless such an indication is present, the 
processor enters the TW state, following the T2 state. Data on the 
output lines remains stable in the interim, and the processing cycle 
will not proceed until the RDYIN line again goes high. 

The 8080 generates a WR/ output for qualification of the advanced 
I/O write (lOWR/) and memory write (MEMW/) control signals from the 
8238, during those machine cycles in which the CPU Set outputs data. 
The negative-going leading edge of WR/ is referred to the rising 
edge of the fi-"st 01 clock pulse following T2. WR/ remains low until 
re-triggered by the leading edge of 02, during the state following 
T3. Note that any TW states intervening between T2 and T3 of the 
output machine cycle will necessarily extend WR/. 

All processor machine cycles consist of at least three states: 
Tl, T2, and T3 as just described. If the CPU Set has to wait for a 
RDYIN response, then the machine cycle may also contain one or more 
TW states. During the three basic states, data is transferred to or 
from the CPU Set. 

After the T3 state, however, it becomes difficult to generalize. 
T4 and T5 states are available, if the execution of a particular in- 
struction requires them. But not all machine cycles make use of these 
states. It depends upon the kind of instruction being executed, and 
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on the particular machine cycle within the instruction cycle. The 
processor will terminate any machine cycle as soon as its processing 
activities are completed, rather than proceeding through the T4 and 
T5 states every time. Thus the 8080 may exit a machine cycle follow- 
ing the T3, the T4, or the T5 state and proceed directly to the Tl 
state of the next machine cycle. 

3.1.2 INTERRUPT SEQUENCES 

The 8080 has the built-in capacity to handle external interrupt 
requests. Peripheral logic can initiate an interrupt simply by 
driving the processor's interrupt (INT) line high. The interrupt 
(INT) input is asynchronous, and a request may therefore originate 
at any time during any instruction cycle. internal logic re-clocks 
the external request, so that a proper correspondence with the driving 
clock is establishec'. An interrupt request (iNT) arriving during the 
time that the interrupt enable line (INTE) is high, acts in coinci- 
dence with the 02 clock to set the internal interrupt latch. This 
event takes place during the last state of the instruction cycle in 
which the request occurs, thus ensuring that any instruction in pro- 
gress is completed before the interrupt can be processed. 

The INTERRUPT machine cycle which follows the arrival of an 
enabled interrupt request resembles an ordinary FETCH machine cycle 
in most respects. The contents of the program counter are latched 
onto the address lines during Tl, but the counter itself is not in- 
cremented during the INTERRUPT machine cycle, as it otherv/ise would 
be. In this way, the pre-interrupt status of the program counter is 
preserved, so that data in the counter may be saved in the stack. 



This in turn permits an orderly return to the interrupted program 
after the interrupt request has been processed. 

Because the 8238' s INTA/ output (pin 23) is tied to +12 volts, 
the 8238 blocks incoming data and automatically inserts a Restart 
(RST 7) instruction onto the 8080 data bus during state T3, when 
the interrupt is acknowledged by the 8080. RST is a special one- 
byte call instruction that facilitates the processing of interrupts 
(the ordinary program call instruction is three bytes long) . The 
RST 7 instruction causes the 8080 to branch program control to the 

instruction being stored in memory location 38 . 

16 

3.1.3 HOLD SEQUENCES 

By activating the 8080 's HOLD input, an external device can cause 
the CPU Set to suspend its normal operations and relinquish control 
of the address and data busses. The CPU Set responds to a request of 
this kind by floating its address and data outputs, so that these ex- 
hibit a high impedance to other devices sharing the busses. At the 
same time, the processor acknowledges the HOLD by placing a high on 
on its HLDA output pin. During an acknowledged HOLD, the address 
and data busses are under control of the peripheral which originated 
the request, enabling it to conduct off board memory transfers without 
processor intervention. 

3.1.4 HALT SEQUENCES 

When a halt instruction (HLT) is executed, the 8080 enters the 
halt state after state T2 of the next machine cycle. There are only 
three ways in which the 8080 can exit the halt state: 
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A high on the 8224 reset input (RESIN/) will always reset 
the 8080 to state Tl; reset also clears the program counter. 

A HOLD input will cause the 8080 to enter the hold state, 
as previously described. When the HOLD line goes low, the 
8080 re-enters the halt state on the rising edge of the next 
01 clock pulse. 

An interrupt (i.e., INT goes high while INTE is enabled) 
will cause the 8080 to exit the halt state and enter state 
Tl on the rising edge of the next 01 clock pulse. NOTE: The 
interrupt enable (INTE) flag must be set when the halt state 
is entered; otherwise, th'' 8080 will only be able to exit via 
a reset signal. 

3.1.5 START-UP SEQUENCE 

When power is applied initially to the 8080, the processor be- 
gins operating immediately. The contents of its program counter, 
stack pointer, and the other working registers are naturally subject 
to random factors and cannot be specified. For this reason, the 
CPU Set power-up sequence begins with a reset. An external RC net- 
work is connected to the 8224's RESIN/ input. The slow transition 
of the power supply rise is sensed by an internal Schmitt Trigger 
which converts the slow transition into a clean, fast edge on the 
RESIN/ line when the input level reaches a predetermined value. 

An active RESIN/ input to the 8224 produces a synchronized RESET 
signal which restores the processor's internal program counter to 
zero. Program execution thus begins with memory location zero, following 
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a reset. Systems which require the processor to wait for an explicit 
start-up signal will store a halt instruction (HLT) after enabling inter- 
rupts in this location. A manual or an automatic INTERRUPT will be used 
for starting. In other systems, the processor may begin executing its 
stored program immediately. Note, however, that the reset has no effect 
on status flags, or on any of the processor's working registers (accumu- 
lator, indices, or stack pointer). The contents of these registers re- 
main indeterminate, until initialized explicitly by the program. 

In addition to generating a RESET signal, the RESIN/ input causes 
the 8224 »s status strobe (STSTR/) output to remain true (low). This 
allows both the 8080 and 8238 to be reset by a power-up sequence or 
an externally generated RESIN/ condition. 

3.2 SYSTEM BUS INTERFACE LOGIC 

The System Bus Interface logic consists of three general groups 

of circuitry: 

L) assorted gates that accept the various bus control signals, 
the interrupt request lines, the ready indications and then 
applies these signals to the CPU Set, 

2) the system bus drivers, and 

3) the Failsafe circuitry which generates an acknowledgment 
during interrupt sequences and during those cycles in which 
an acknowledgment is not returned because a non-existent 
device was inadvertently addressed. 

Each group is described in the following paragraphs, 

3.2. L SYSTEM CONTROL SIGNAL LOGIC 
Interrupt Requests: 

Four interrupt request lines are ORed together at AL7-6 (ref. Appendix 
A) and applied to the 8080's INT input. Two of the interrupt request 
lines are from external sources: EXT INTR 1/ which enters the SBC-80/L0 
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at connector Jl pin 49 and EXT INTR 2/ which enters the SBC-80/10 at 
Pl-42. The other two interrupt requests originate on the SBC-80/lO: 
INT 55/ is an interrupt request from ports 1 or 2 in the Parallel 
I/O Interface (see Section 3.6.2); and INT 51/ is an interrupt re- 
quest from the 8251 USART in the Serial I/O Interface (see Section 
3.5.4), 

Hold Requests: 

If the SBC-BO/10 is operating in a system with other modules 
sharing a common external bus, another module can acquire control 
of the external bus by activating the 8080 «s HOLD/ input 
(connector pin Pl-15) . HOLD/ is inverted and applied to the 8080 's 
HOLD pin. As described in Section 3.1.3, the 8080 will subsequently 
activate its hold acknowledge (HLDA) output. HLDA is, in turn, latched 
by a 74LS74 fHp flop (at A29). The Q output from the D-type latch 
(DHLDA) disables the 8097 circuits (A47) that drive the external read/ 
write control outputs: MRDC/, MWTC/, lORC/ and lOWC/. DHLDA also 
disables the external system address and data bus drivers by assert- 
ing a high at their active-low chip select (CS/) input pins. As a 
result of DHLDA, all of the above-mentioned drivers enter the high- 
impedance state. The Q output from the DHLDA output informs other 
modules of this condition via the BUSY/ output (connector pin Pl-17). 
BUSY/ is driven by transistor Q5. 

System Reset: 

Connector pin PI- 14 on the SBC-80/10 can be used to accept an 
externally generated SYSTEM RESET signal and to transfer a SBC-80/10 
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generated RESET signal to other modules in the system. If jumper 
pair 54-55 is connected, a RESET from the 8224 will be gated through 
the Q4 transistor to connector pin PI- 14, thus resetting other modules 
in. the system during power-up sequences. An externally generated 
SYSTEM RESET is accepted at Pl-14, buffered, applied to the 8080 's 
RESET input and made available to other logic on the SBC-80/10. 

I/O Ready Generation 

During each serial or parallel I/O cycle, a "ready" indication 
(lORDYIN/) is returned to the CPU Set. The three chip select lines 
for the 8251 and the two 8255 devices are ORed together (at A17-8 
on sheet 3 of the schematic). The resultant output is then NANDed 
(at A44-11) with the I/O read (lOR) or the advanced I/O write (ADVIOW) 
signal to produce lORDYlN/. Recall from Section 3.1 that the 8238 
System Controller (in the CPU Set) generates the I/O write control 
output at the beginning of all I/O write cycles. The lOW/ signal 
occurs earlier than the 8080's WR/ output. The 8238»s lOW/ signal, 
alone, is labeled ADV lOW/. lOW/ is also synchronized with the 8080 's 
WR/ output to produce the system write command lOWC/. ADV lOW/ allows 
the ready indication to be returned early enough to avoid an unnecessary 
wait state (see Figure 3-4). The lOWC/ signal causes an I/O device to 
actually write the data, later in the I/O cycle. 

Ready Inputs: 

Recall from Section 3.1.1 that the CPU Set must see a ready in- 
dication before proceeding to internal state T3 during all machine 
cycles. The 74S20 section at A57 on sheet 1 of the schematic OR's 
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the following ready indications: 

1) INT ACK/ or TIME OUT ACK/ from the Failsafe logic (see 
Section 3.2.3), 

2) lORDYIN/ from the Serial and Parallel I/O interfaces, 

3) PROM RDYIN/ from the ROM/PROM logic (see Section 3.4), 
and 

4) RAM RDYIN/ from the RAM section (see Section 3.3). 

The resultant output indicates an on-board memory or I/O access and 
is used to disable the external data bus drivers at A53 and A54. This 
output from A57-8 is also ORed (at A30-3) with the externally gener- 
ated AACK/ (connector pin Pl-25) and XACK/ (connector pin Pl-23) 
inputs. The output from A30-3 is then applied to the CPU Set's RDYIN 
input (pin 3 on the 8224), When the SBC-80/10 CPU Set accesses an 
external module, the AACK/ or XACK/ input informs the CPU Set that 
the external device is ready. AACK/ is an advanced acknowledge that 
allows certain OEM modules to be accessed faster. 

Figure 3-4 illustrates basic timing for the ready indications. 

Bus Clock Generation: 

The OSC output from the CPU Set (18.432 MHz frequency) is applied 
to the clock input of a 74LS74 D-type flip flop (at A29-11 on sheet 1 
of the schematic). The Q output from this latch is tied to its own 
D input. Consequently, the Q output exhibits half the frequency of 
the OSC input. This 9.216 MHz output is buffered and made available 
to external modules on the common clock (CCLK/) line (via connector 
pin Pl-31) and the bus clock (BCLK/) line (via connector pin PI- 13). 

3.2,2 SYSTEM BUS DRIVERS 

The SBC-80/10 internal memory data bus (M0-DM7) is driven by 
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two 8216 bidirectional bus drivers, shown at A55 and A56 on sheet 3 
of the schematic. All data being transferred to/from the RAM memory 
(see Section 3.3) or ROM/PROM memory (see Section 3.4) is routed 
through these two devices. The chip select (CS/) input is provided 
by the MEM CMD/ signal which is the result of ORing RAM RDYIN/ and 
PROM RDYIN/. The direction enable (DIEN) input to the 8216's is 
provided by the memory read (MKMR) signal. 

When the SBC-80/10 communicates with an external module, the data 
is driven by two 8226 bidirectional data bus drivers at A53 and A54 
on sheet 1 of the schematic. The direction input to the 8226 's is 
provided by the OR of memory read (MEMR) and I/O read (lOR). The 
8226 devices will be disabled during 8080 HOLD sequences. The eight 
data bus lines to the 8226 bus drivers enter/leave the SBC-80/10 via 
the PI edge connector. 

The external 16-bit system address bus is driven by four 8226 bi- 
directional bus drivers. However, because the direction enable pin 
(EN/) on these 8226 devices is tied to ground, they can only be used 
to transmit addresses to external modules; they will not receive 
addresses from external modules. Consequently, the SBC-80/10 can 
access other modules, but other modules cannot access the memory or 
I/O controllers on the SBC-80/10. Like the data bus drivers, these 
8226 devices are disabled during 8080 HOLD sequences. 

3.2.3 FAILSAFE TIMER 

When the 8080 acknowledges an interrupt request, the 8238 System 
Controller "forces" an RST 7 instruction onto the 8080 's data bus 
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(see Section 3.1.2). In order to read this RST 7 instruction, how- 
ever, the 8080 must sense a ready indication. The 8080 acknowledges 
an interrupt by setting status bit (DO) during the status output 
portion of each machine cycle (i.e., when STATUS STROBE is true). 
When this occurs, the 9602 one-shot (shown at A28 on sheet 5 of the 
schematic) is reset causing a low signal on its output (INTR ACK/) . 
This output is then gated through to the RDYIN pin on the 8224 as 
described in Sections 3.2.1. 

The Failsafe timer also performs another function. If the 
CPU Set tries to access a memory or I/O device but that device, for 
some reason, does not return a ready indication, then the 8080 re- 
mains in a wait state until ready is received. The Failsafe timer 
is designed to prevent hanging the system up in this way. The 9602 
one-shot is triggered by STATUS STROBE at the beginning of each 
machine cycl3. If the one-shot is not re-triggered (i.e., if another 
cycle does not begin) within 9 ms., then the 9602 times out and its 
output (also labeled TIME OUT ACK/) is gated through to the RDYIN 
pin on the 8224, thus allowing the 8080 to exit the wait state. This 
can be very helpful during system debugging. 

3.3 RANDOM ACCESS MEMORY (RAM) 

The Random Access Memory (RAM) provides the user with 1024 
(IK) X 8-bits of read/write storage that requires no clocks or refresh 
to operate. The SBC 80/10 and SBC 80/lOA utilize two different 
configurations, therefore each configuration is discussed separately 
in paragraphs 3.3.1 and 3.3.2. 
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3.3.1 SBC 80/10 RAM 

The RAM logic consists of eight Intel 8111 256 x 4-bit Low 
Power Static RAM chips, an Intel 3205 three-to-eight decoder for 
chip selection and assorted gates as shown on sheet 2 of the SBC- 
80/10 schematic (Figure A-1) . 

The 8111 RAM devices used on the SBC 80/10 have a maximum access 
time of 500 nsec. Each chip has eight address inputs (A0-A7) that 
select one of the 256 four-bit segments, active- low write (W/) and chip 
enable (CE/) inputs and an output disable (CD) input. Each chip also 
has four common data input/output pins (I/01-I/04) . A high on the 
CD input disables output and allows the I/O pins to be used for input. 
During memory read accesses, the data is read out nondestructively 
and has the same polarity as the input data. 

The least significant system address lines (ADR0-ADR7) are ap- 
plied to the eight address input pins on each 8111 RAM. l.ie most 
significant eight system address lines (ADR8-ADRF) feed a 3205 de- 
coder. Each of the four most significant decoder outputs are applied 
to the chip enable (CE/) inputs on two RAM chips. One RAM in each 
pair reads or writes data bits to 3 (DM0-DM3) while the other RAM 
reads or writes data bits 4 to 7 (DM4-DM7) for each RAM access. One 
of the decoder outputs will be activated (low) whenever the value on 
the system address bus is within the range 3C00-3FFF (hexadecimal). 

During memory write cycles, the advanced memory write signal 
(ADV MEMW/) is applied to the write input (W/) on each RAM. A high 
on the active-low memory read line (MEMR/) allows the selected RAM's 
I/O pins to be used to accept the data which is to be written into 
the addressed location. During memory read cycles, the level on 
ADV MEMW/ is high but is low on MEMR/ thus allowing the addressed 
data to be ready out and onto the data bus. 
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During all RAM access cycles, the active decoder output is 
NANDed with ADV MEMW or MEMR (at A44-3) to produce a ready indication 
for the CPU Set (RAM RDYIN/) . The 8238 System Controller (see Sec- 
tion 3.1) generates ADV MEMW or MEMR early enough in the memory cycle 
to allow RAM RDYIN/ to appear at the CPU Set in time to prevent the 
occurrence of any wait states. Figure 3-5 illustrates RAM access timing. 

Whenever SBC 80/10 RAM is accessed, the data is transferred to/ 
from the RAM chips on the memory data bus (DM0-DM7) . Lines DM0-DM7 
are interfaced to the system data bus through two Intel 8216 bidirec- 
tional bus drivers (shown at A55 and A56 on sheet 3 of the schematic) 
as described in Section 3.2. 

3.3.2 SBC 80/lOA RAM 

The SBC 80/10 RAM logic consists of eight Intel 8102 1024 x 1-bit 
Low'Power Static RAM chips, an Intel 3205 three-to-eight decoder, and 
assorted gates as shown on sheet 2 of the SBC 80/lOA schematic 
(Figure A-2) . 

The 8102 RAM devices used on the SBC 80/lOA have a maximum access 
time of 450 nsec. Each RAM chip has ten address inputs (ADR0-ADR9) 
that select one of the 1024 bits, an active low write (ADV MEMW/) 
and chip enable. A high on the ADV MEMW/ input allows a memory 
read access. 

The ten least significant address lines (ADR0-ADR9) are applied 
to the ten address input pins on each 8102 RAK. The six most signifi- 
cant address lines (ADRA-ADRF) feed a 3205 decoder. The output of the 
3205 decoder is applied to each Chip Enable (CE/) input to the eight 
8102 RAM's. When the value on the system address bus is within the 
range 3C00-3FFF the decoder output will be activated (low) . 
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During all RAM access cycles, the active decoder output produces 
a ready indication for the CPU set (RAM RDYIN/) , The 8238 System 
Controller (see Section 3.1) generates ADV MEMW/ or MEMR/ early 
enough in the memory cycle to allow RAM RDYIN/ to appear at the CPU 
set in time to prevent the occurrence of any wait states. Figures 
3-5 Illustrates RAM access timing. 

Whenever SBC 80/lOA RAM is accessed, the data is transferred 
to/from the RAM chips on the memory data bus (DM0-DM7). Lines 
DM0-DM7 are interfaced to the system data bus through two Intel 8216 
bidirectional bus drivers (shown at A55 and A56 on sheet 3 of the 
schematic) as described in section 3.2. 

3.4 READ ONLY MEMORY (ROM/EPROM) 

The SBC 80/10 and 80/lOA have provisions for installing 4096 
(4K) X 8-bit words of read only memory in sockets already on the PC 
board. Four Intel 8708 IK x 8-bit Erasable and Electrially Re- 
programmable Read Only Memory (EPROM) chips or four 8308 IK x 8-bit 
Metal Masked Read Only Memory (ROM) chips can be installed in the 
four 24-pin sockets shown on sheet 3 of- the schematics (APPENDIX 
A). Optionally the SBC 80/lOA has provisions for installing 4096 
(4K) X 8-bits of read only memory in the sockets using four Intel 
2758 (IK X 8-bits) Erasable and Electrically Reprogrammable Read 
Only Memory (EPROM) chips or installing 8192 (8K) x 8-bit words of 
read only memory using either Intel 2716 2K x 8-bit Erasable and 
Electrically Reprogrammable Read Only Memory (EPROM) chips or Intel 
2316E 2K x 8-bit Metal Masked Read Only Memory (ROM) chips. 
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In addition to the four 24-pln sockets, the ROM/PROM logic 
includes an Intel 3205 Decoder for address decoding and several 
assorted gates used in generating the ready indication. 

When addressing up to 4K of ROM, address lines ADR0-ADR9 are 
applied to the address pins A0-A9 at each of the four sockets. The 
remaining address lines, ADRA-ADRF are decoded by the 3205 device at 
A42. Each of the four least significant decoder outputs are applied 
to the chip select (CS/) pin at one of four sockets. One chip 
select line will be activated whenever the value on the system address 
bus is between 0000 and OFFF (hexadecimal) . In addition, when the 
four most significant address lines are low (i.e., the address is less 
than OFFF) during a memory read cycle, the output from the 74LS00 
section at A39-3 is NANDed with MEMR to produce a ready indication 
(PROM RDYIN/) for the CPU Set. PROM RDYIN/ is thus generated in time 
to allow all ROM/PRoM reads to occur without any wait states. PROM 
RDYIN/ has the same timing as RAM DRYIN/ , as shown in Figure 3-5. 

When using the optional 2716 or 2316E chips with the 80/lOA, 
address lines ADRO-ADRA are applied to the address pins at each of 
the four sockets. The remaining address lines, ADRB-ADRF are decoded 
by the 3205 three-to-eight decoder. Each of the four least signifi- 
cant decoder outputs are applied to the Chip Select (CS/) pin at one 
of four sockets. One chip select line will be enabled when the value 
on the system address bus is between 0000 and IFFF (hexadecimal) . 
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In addition when the three most significant address lines are 
low (i.e., the address is less than IFFF) during a memory read cycle, 
the output from the 74LS00 at A39-3 is NANDed with MEMR/ to produce 
a ready indication PROM RDYIN/ for the CPU set. PROM RDYIN/ is 
generated in time to allow all ROM/PROM reads to occur without any 
wait states. PROM RDYIN/ has the same timing as RAM RDYIN/, as shown 
in figure 3-5. 

Whenever one of the ROM/PROM devices are read, the data from 
the chips output pins (01-08 ( is placed on the memory data bus 
(DM0-DM7) which is interfaced to the system bus via two Intel 8216 
bidirectional bus drivers (at A55 and A56) , as described in Section 3.2. 

3.5 SERIAL I/O INTERFACE 

The Serial I/O Interface logic provides the SBC 80/10 with a 
serial data communications channel that can be programmed to operate 
with most of the current serial data transmission protocols, syn- 
chronous or asynchronous. Baud rate, character length, number of stop 
bits and even/odd parity are program selectable. In addition, 
the serial I/O Interface can be configured (through jumper connections) 
as an EIA RS232C interface or as a Teletype-compatible current loop 
interface. 

The Serial I/O Interface logic consists primarily of an Intel 
8251 USART device and a counting network for baud rate selection, 
as shown on sheet 4 of the SBC 80/10 schematic (Appendix A) . Before 
describing the specific operation of the Serial I/O logic however, 
we will summarize the general operational characteristics of the 8251 
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USART, because it essentially defines the character of the Serial 
I/O Interface. 

3.5.1 INTEL 8251 OPERATIONAL SUMMARY 

The 8251 is a Universal Synchronous/Asynchronous Receiver/Trans- 
mitter designed specifically for the 8080 Micro- computer System. Like 
other I/O devices in the 8080 Micro- computer System its functional 
configuration is programmed by the systems software for maximum flexi- 
ibility. The 8251 can support virtually any serial data technique 
currently in use (including IBM "Bi-Sync") • 

Modem Control 

The 8251 has a set of control inputs and outputs that can be 
used to simplify the interface to almost any Modem. The modem con- 
trol signals are general purpose in nature and can be used for func- 
tions other than Modem control, if necessary. 



DSR (Data Set Ready) 

The DSR input signal is general purpose in nature. Its condi- 
tion can be tested by the CPU using a Status Read operation. The 
DSR input is normally used to test Modem conditions such as Data Set 
Ready. 



DTR (Data Terminal Ready) 

The DTR output signal is general purpose in nature. It can be 
set "low" by programming the appropriate bit in the Command instruc- 
tion word. The DTR output signal is normally used for Modem control 
such as Data Terminal Ready or Rate Select. 
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RTS (Request to Send) 

The RTS output signal is general purpose in nature. It can be 
set "low" by programming the appropriate bit in the Command Instruc- 



tion word. The RTS output signal is normally used for Modem control 
such as Request to Send. 



CTS (Clear to Send) 

A "low" on this input enables the 8251 to transmit data (serial) 
if the TxEN bit in the Command byte is set to a "one". This is 
very important to remember I 
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FIGURE 3-6. 8251 PIN ASSIGNIVIENTS 

TXRDY (Transmitter Ready) 

This output signals the CPU that the transmitter is ready to 
accept a data character. It can be used as an interrupt to the 
system or for polled operation when the CPU can check TXRDY using 



a status read operation. TXRDY is active only when CTS is enabled. 
IXRDY is automatically reset when a character is loaded from the CPU. 
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TXE (Transmitter Empty) 

When the 8251 has no characters to transmit, the TxE output 
will go "high". It resets automatically upon receiving a character 
from the CPU. TXE can be used to indicate the end of a transmission 
mode, so that the CPU "knows" when to "turn the line around" in the 
half-duplexed operational mode. 

in SYNChronous mode, a "high" on this output indicates that a 
character has not been loaded and the SYNC character or characters 
are about to be transmitted automatically as "fillers". 



TXC (Transmitter Clock) 

The Transmitter Clock controls the rate at which the character 
is to be transmitted. in the Synchronous transmission mode, the 



frequency of TXC is equal to the actual Baud Rate (IX). In Asyn- 
chronous transmission mode, the frequency of TXC is a multiple of the 
actual Baud Rate. A portion of the mode instruction selects the value 
of the multiplier; it can be IX, 16X or 64X the Baud Rate. 
For Example: 

If Baud Rate equals 4800 Baud, 



TXC equals 4800 Hz (IX) 



TXC equals 76.8 kHz (16X) 
TXC equals 307.2 kHz (64X) . 



The falling edge of TXC shifts the serial data out of the 8251 
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RXRDY (Receiver Ready) 

This output indicates that the 8251 contains a character that 
is ready to be input to the CPU. RXRDY can be connected to the 
interrupt structure of the CPU or for polled operation the CPU can 
check the condition of RXRDY using a status read operation. RXRDY 
is automatically reset when the character is read by the CPU. 



RXC (Receiver Clock) 

The Receiver Clock controls the rate at which the character is 
to be received. In Synchronous Mode, the frequency of RXC is equal 
to the actual Baud Rate (IX). In Asynchronous Mode, the frequency 
of RXC is a multiple of the actual Baud Rate. A portion of the mode 
instruction selects the value of the multiplier; it can be IX, 16X 
or 64X the Baud Rate. 

For Example: 

If Baud Rate equals 300 Baud, 
RXC equals 300 Hx (IX) 
RXC equals 4800 Hz (16X) 



RXC equals 19.2 kHz (64x) . 
If Baud Rate equals 2400 Baud, 
RXC equals 2400 Hz (IX) 
RXC equals 38.4 kHz (16X) 
RXC equals 153.6 kHz (64x) . 

Data is sampled into the 8251 on the rising edge of RXC. 

Note: In most ommunications systems, the 8251 will be handling both 
the trarsraission and reception operations of a single link. 
Consequently^ the R ecei ve and Transmit Baud Rates will be the 
Same. Both TXC and RXC will require identical frequencies for 
this operation and can be tied together and connected to a 
single frequency source (Baud Rate Generator) to simplify the 
interface. 
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*SYNDET (SYNC Detect) 

This pin is used in SYNCHronous Mode only. It is used as either 
input or output, programmable through the Control Word. It is re- 

. set to "low" upon RESET. When used as an output (internal Sync mode), 
the SYNDET pin will go "high" to indicate that the 8251 has located 
the SYNC character in the Receive mode. If the 8251 is programmed 
to use double Sync characters, then SYNDET will go "high" in the 
middle of the last bit of the second Sync character. SYNDET is 
automatically reset upon a Status Read operation. 

When used as an input, (external SYNC detect mode), a positive 
going signal will cause the 8251 to start assembling data characters 



on the falling edge of the next RXC. Once in SYNC, the high input 
signal can be removed. The duration of the high signal should be 



at least equal to the period of RXC. 

Programming the 8251 

Prior to starting data transmission or reception, the 8251 must 
be loaded with a set of control words generated by the CPU. These 
control signals define the complete functional definition of the 8251 
and must immediately follow a Reset opeiation (internal or external). 

The control words are split into two formats; 

1. Mode Instruction, 

2. Command Instruction. 

Both the Mode and Command instructions must conform to a specified 
sequence for proper device operation. The Mode Instruction must be 
inserted immediately following a Reset operation, prior to using the 
8251 for data communication. 

* This function is not used or made available to the user on the SBC 80/10. 
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All control words written into the 8251 after the Mode Instruc- 
tion will load the Command Instruction, Command Instructions can 
be written into the 8251 at any time in the data block during the 
operation of the 8251. To return to the Mode Instruction format a 
bit in the Command instruction word can be set to initiate an internal 
Reset operation which automatically places the 8251 back into the 
Mode Instruction format. Command Instructions must follow the Mode 
Instructions or Sync characters (see Figure 3-7). 
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FIGURE 3-7. TYPICAL 8251 DATA BLOCK 

Mode Instruction: 

This format defines the general operational characteristics of 
the 8251. It must follow a Reset operation (internal or external). 
Once the Mode instruction has been written into the 8251 by the CPU, 
SYNC characters or Command instructions may be inserted. 

The 8251 can be used for either synchronous or asynchronous 
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lata communications. The two least significant bits of the Mode 
Instruction control word specify synchronous or asynchronous opera- 
tion. The format for the remaining bits in the control word depends 
on the mode chosen by bits and 1. Figure 3-8 shows the control 
word format for the asynchronous mode, while Figure 3-9 illustrates 
the control word format for the synchronous mode. 

Command Instruction: 

Once the functional definition of the 8251 has been programmed 
by the Mode Instruction and the Sync Characters are loaded (if in 
Sync Mode) then the device is ready to be used for data communication. 
The Command Instruction controls the actual operation of the selected 
format. Functions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 

Once the Mode instruction has been written into the 8251 and 
Sync characters inserted, if necessary, then all further "control 
writes" (C/D = 1) will load the Command Insti'uction. A Reset opera- 
tion (internal or external) will return the 8251 to the Mode Instruc- 
tion Format. 

Figure 3-10 illustrate the format of a Command Instruction con- 
trol word. 

Status Read Definition 

In data communication systems it is often necessary to examine 
the "status" of the active device to ascertain if errors have occurred 
or other conditions that require the processor's attention. The 8251 
has facilities that allow the programmer to "read" the status of the 
device at any time during the functional operation, 
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Mode Instruction Format, Asynchronous Mode 
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Mode Instruction Format, Synchronous Mode 
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FIGURE 3-8. ASYNCHRONOUS MODE. 



FIGURE 3-9. SYNCHRONOUS MODE. 
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FIGURE 3-10. COMMAND INSTRUCTION FORMAT 

A normal "read" command is issued by the CPU with the C/D input 
at one to accomplish this function. 

Some of the bits in the Status Read Format have identical meanings 
to external output pins so that the 8251 can be used in a completely 
Polled environment or in an interrupt driven environment (refer to 
Figure 3-11). 
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FIGURE 3-11. STATUS READ FORMAT 

8251 DATA TRANSFERS 

Once programmed, the 8251 is ready to perform its communication 
functions. The TXRDY output is raised "high" to signal the CPU that 
the 8251 is ready to receive a character. This output (TXRDY) is 
reset automatically when the CPU writes a character into the 8251. 
On the other hand, the 8251 receives serial data from the MODEM or 
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I/O device; upon receiving an entire character the RXRDY output 
is raised "high" to signal the CPU that the 8251 has a complete char- 
acter ready for the CPU to fetch. RXRDY is reset automatically upon 
the CPU read operation. 

The 8251 cannot begin transmission until the TXEN (Transmitter 
Enable) bit is set in the Command Instruction and it has received a 
Clear To Send (CTS) input. The TXD output will be held in the marking 
state upon Reset. 

Asynchronous Mode (Transmission) : 

Whenever a data character is sent by the CPU the 8251 auto- 
matically adds a Start bit (low level) and the programmed number 
of Stop bits to each character. Also, an even or odd Parity bit is 
inserted prior to the Stop bit(s), as defined by the Mode Instruction. 
The character is then transmitted as a ser~ial dat- stream on the TXD 



output. The serial data is shifted out on the falling edge of TXC 



at a rate equal to 1, 1/16 or 1/6A that of the TXC, as defined by 
the Mode Instruction. BREAK characters can be continuously sent to 
the TXD if commanded to do so. 

When no data characters have been loaded into the 8251 the TXD 
output remains "high" (marking) unless a BREAK (continuously low) 
has been programmed. 

Asynchronous Mode (Receive) : 

The RXD line is normally high. A falling edge on this line 
triggers the beginning of a START bit. The validity of this START 
bit is checked by again strobing this bit at its nominal center. 
If a low is detected again, it is a valid START bit, and the bit 
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counter will start counting. The bit counter locates the center of 
the data bits, the parity bit (if it exists) and the stop bits. If 
parity error occurs, the parity error flag is set. Data and parity 
bits are sampled on the RXD pin with the rising edge of RXC. If a 
low level is detected as the STOP bit, the Framing Error flag will 
be set. The STOP bit signals the end of a character. This charac- 
ter is then loaded into the parallel I/O buffer of the 8251. The 
RXRDY pin is raised to signal the CPU that a character is ready to 
be fetched. If a previous character has not been fetched by the CPU, 
the present character replaces it in the I/O buffer, and the OVERRUN 
flag is raised (thus the previous character is lost). All of the 
error flags can be reset by a command instruction. The occurrence 
of any of these errors will not stop the operation of the 8251. 

Synchronous Fode (Transmission) : 

The TXD output is continuously high until the CPU sends its 
first character to the 8251 which usually is a SYNC character. When 
the CTS line goes low, the first character is serially transmitted 



out. All characters are shifted out on the falling edge of TXC. 
Data is shifted out at the same rate as the TXC. 

Once transmission has started, the data stream at TXD output 
must continue at the TXC rate. If the CPU does not provide the 8251 
with a character before the 8251 becomes empty, the SYNC characters 
(or character if in single SYNC word mode) will be automatically in- 
serted in the TXD data stream. in this case, the TXEMPTY pin will 
momentarily go high to signal that the 8251 is empty and SYNC charac- 
ters are being sent out. The TXEMPTY pin is internally reset by the 
next character being written into the P251. 
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Synchronous Mode (Receive) : 

In this mode, character synchronization can be internally or 
externally achieved. If the internal SYNC mode has been programmed, 
the receiver starts in a HUNT mode. Data on the RXD pin is then 
sampled in on the rising edge of RXC. The content of the RX buffer 
is continuously compared with the first SYNC character until a match 
occurs. If the 8251 has been programmed for two SYNC characters, 
the subsequent received character is also compared. When both SYNC 
characters have been detected, the USART ends the HUNT mode and is 
in character synchronization. The SYNDET pin is then set high, and 
is reset automatically by a STATUS READ. 

Parity error and overrun error are both checked in the same way 
as in the Asynchronous receive mode. 

The CPU can command the receiver to enter the HUNT mode if syn- 
chronization is lost. 

3.5.2 Serial I/O Configurations 

The 8251 USART presents a parallel, eight-bit interface to the 
CPU Set via the system data bus (DB0-DB7) and presents an EIA RS232C* 
or TTY current loop* interface to an external device (via edge connec- 
tor J3). The 8251 's interface with the CPU Set is enabled by a low 



♦Electrical interfaces provided on SBC 80/10. 
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level on its chip select (CS/) pin. CS/ is low when the I/O address 
on the system address bus is between EC and EF (hexadecimal). Address 
bits 2 through 7 are decoded (at A14) to produce the CS/ input. The 



TABLE 3-0. SERIAL COMMUNICATION (8251) ADDRESS ASSIGNMENTS 
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least significant address bit, ADRO, is applied to the 8251's C/D 
input (pin 12) thus indicating a control (if set) or data (if reset) 
byte on the data bus. 

An output instruction (lOW/ is true) to port ED or EF (CS/ is 
low and ADRO is high) causes the 8251 to accept a control byte 
through its data bus pins. The control byte can be either a mode 
instruction or a command instruction, depending on the sequence in 
which it is sent. The various bits in the mode control word specify 
the baud rate multiplexer, character length, parity and the number of stop 
bits as described in Section 3.5.1. Note that the actual baud rate selec- 
ted is dependent on the configuration of the baud rate jiunper network 
(refer to Section 3.5.3). The various bits in the command control 
word instruct the USART to enable/disable the receiver and trans- 
mitter, to reset errors, to reset internal control and return to the 
mode control cycle, and to set/clear the Data Terminal Ready output. 

An output instruction to port EC or EE (CS/ and ADRO are low) 
causes the 8251 USART to accept a data byte through its data bus 
pins. Bit is the least significant bit and bit 7 is the most 
significant bit. The 8251 will subsequently transmit the data byte 
(if the transmitter is enabled) , in serial fashion, to the external 
device as described in Section 3.5.1. 

An input instruction (lOR/ is true) to port ED or EF (CS/ is 
low and ADRO is high) causes the 8251 USART to place a status byte onto 
the system bus. The status bits are the result of status and error 
checking functions performed within the USART (see Section 3.5,1). 

An input instruction (lOR/ is true) to port EC or EE (CS/ and 
ADRO are low) causes the USART to output a data byte (previously 
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received from the external device) from its data bus pins. Bit 
is the least significant bit and bit 7 is the most significant bit. 

Timing for the USART's internal function is provided by the 
j^2TTL signal (see Section 3.1.1). The USART is reset by the occur- 
rence of a high level on the RESET line. 

The 8251 USART transmits and receives serial data, synchronously 
or asynchronously, as described in Section 3.5.1. By jumper-connecting 
the 8251 pins to different external lines, the Serial I/O logic can 
present either a Teletype-compatible current loop interface or an 
EIA RS232C interface to an external device. If the TTY-compatible 
current loop interface is used, the connections listed in Table 4-1 
are required (see Section 4. 1) . 

If the EIA RS232C interface is used, the connections listed in 
Table 4-2 are required (see Section 4,1). 

3.5.3 BAUD RATE CLOCK GENERATION 

The baud rate clock network consists of a 93S16 'divide-by-15' 
counter, two 74161 'divide-by- 16' counters and wire-wrap jumpers for 
baud rate clock selection. The 93S16 counter is driven by the os- 
cillator output (OSC) from the CPU Set. The QD output from this 
counter, in turn, drives the two 74161 counters. The outputs from 
these counters, each providing a different clock frequency, are 
tied to jumper pins that can be connected to the BAUD RATE CLK line. 
The available frequencies are listed in Table 4-3 (located in Sec- 
tion 4.2). Recall that the effective baud rate of the 8251 USART is 
also dependent on the state of the 8251' s internal frequency divider 
and the mode of operation (refer to Section 3.5.1). The 8251 is 
capable of dividing the baud rate clock by 1, 16 or 64. 
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3.5.4 SERIAL I/O INTERRUPTS 

The Serial I/O logic can be configured with different forms of 
an interrupt request mechanism. By connecting jumper pair 16-17 and 
disconnecting 15-16, the user can allow the 8251 's Receiver Ready 
(RXRDY) output (pin 14) to generate an interrupt request (INT51/) to 
the CPU Set. RXRDY goes high whenever the receiver enable bit of the 
command word has been set and the 8251 contains a character that is 
ready to be input to the CPU Set. The user can also choose to have 
the 825 I's Transmitter Ready (TXRDY) or the Transmitter Empty (TXE) 
output activate the INT51/ interrupt request. If jumper pair 19-21 is 
connected, a high on TXRDY (pin 15) will activate INT51/. If jumper 
pair 18-19 is connected instead, an active TXE (pin 18) output will 
generate INT51/. TXE goes high when the 8251 has no characters to 
transmit. TXRDY is high when the 8251 is ready to accept a character 
from the CPU Set. Both TXE and TXRDY are enabled by setting the transmit 
enable bit of the command word. Notice on the schematic that, if jumper 
pairs 19-20 and 15-16 are connected. Serial I/O interrupts are inhibited. 

Upon receiving an interrupt, the program can determine the actual 

condition which is responsible for the interrupt (RXRDY, TXRDY or TXE) 

by reading the status of the 8251 device as described in Section 3.5.1. 

The interrupt request will be removed when the data is transferred to/ 

from the 8251, as required. Note that the TXE or TXRDY output will be 

high, and consequently maintain an interrupt request, during all idle 

periods, since the 8251 's transmit buffer will remain empty. To disable 

the transmitter, and the resultant interrupt request, the program can 

issue a command instruction to the 8251 with the TXEN bit (bit 0) equal 

to zero (refer to Section 3.5.1). The transmitter should not be disabled 

until TXE is high. 
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3.6 PARALLEL I/O INTERFACE 

The Parallel I/O Interface logic on the SBC-80/10 provides 
forty- eight (48) signal lines for the transfer and control of 
data to or from peripheral devices. Eight lines have a bidirectional 
driver and termination network permanently installed. The remaining 
forty lines are uncommitted. Sockets are provided for the installa- 
tion of active driver networks or passive termination networks. The 
optional drivers and terminators are installed in groups of four by 
insertion into the 14-pin sockets. 

All forty-eight signal lines emanate from the I/O ports on two 
Intel 8255 Programmable Peripheral Interface devices, as shown on 
sheet 5 of the SBC-80/10 schematic (Appendix A). The two 8255 de- 
vices allow for a wide variety of I/O configurations. Before de- 
scribing tho possible configurations, howevjr, we will summarize the 
general operational characteristics of the 8255 device. 

3.6.1 INTEL 8255 OPERATIONAL SUMMARY 

The 8255 contains three 8-bit ports (A, B, and C) . All can be 
configured in a wide variety of functional characteristics by the 
system software but each has its own special features or "personality" 
to further enhance the power and flexibility of the 8255. 

Port A: One 8-bit data output latch/buffer and one 8-bit data input 

latch. 
Port B . One 8-bit data input/output latch/buffer and one 8-bit data 

input buffer. 
Port C : One 8-bit data output latch/buffer and one 8-bit data input 

buffer (no latch for input). This port can be divided into 
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two 4-bit ports under the mode control. Each 4-bit port 
contains a 4-bit latch and it can be used for the control 
signal outputs and status signal inputs in conjunction with 
Ports A and B. 
The 8080 CPU dictates the operating characteristics of the ports 
by outputting two different types of control words to the 8255: 
(1) mode definition control word (bit 7=1) 
2) port C bit set/reset control word (bit 7=0) 
Bit 7 of each control word specifies its format, as shown in Figures 
3-13 and 3-14, respectively. 

Mode Selection 

There are three basic modes of operation that can be selected by 

the system software: 

Mode - Basic Input/Output 
Mode 1 - Strobed Input/Output 
Mode 2 - Bi-Directional Bus 

When the RESET input goes "high" all ports will be set to the 
Input mode (i.e., all 24 lines will be in the high impedance state). 
After the RESET is removed the 8255 can remain in the Input mode with 
no additional initialization required. During the execution of the 
system program, the other modes may be selected using a single OUT- 
put instruction. This allows a single 8255 to service a variety of 
peripheral devices with a simple software maintenance routine. 

The modes for Port A and Port B can be separately defined, while 
Port C is divided into two portions as required by the Port A and Port B 
definitions. All of the output registers, including the status flip-flops, 
will be reset whenever the mode is changed except for OBF in modes 1 and 2. 
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CONTROL WORD 



PIN CONFIGURATION 
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1 • INPUT 
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FIGURE 3-12. 8255 PIN 

ASSIGNMENTS. 



FIGURE 3-13. MODE DEFINITION 
CONTROL WORD FORMAT. 
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Modes may be combined so that their functional definition can be "tailored" 
to almost any I/O structure. For instance; Group B can be programmed 
in Mode to monitor simple switch closings or display computational 
results, Group A could be programmed in Mode 1 to monitor a keyboard 
or tape reader on an interrupt-driven basis. 

Single Bit Set/Reset Feature 

Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction (see Figure 3-14). This feature reduces 
software requirements in ContrDl-based applications. 

When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset operation 
just as if they were data output ports. 

Interrupt Control Functions 

When the 8255 is programmed to operate in Mode 1 or Mode 2, con- 
trol signals are provided that can be used as interrupt request in- 
puts to the CPU. The interrupt request signals, generated from Port 
C, can be inhibited or enabled by setting or resetting the associated 
INTE flip-flop, using the Bit set/reset function of Port C. 

This function allows the Programmer to disallow or allow spe- 
cific I/O devices to interrupt the CPU without effecting any other 
device in the interrupt structure. 

INTE flip-flop definition: 

(BIT-SET) - INTE is SET - Interrupt enable 
(BIT-RESET) - INTE is RESET - Interrupt disable 

Note: All Mask flip-flops are automatically reset during mode selec- 
tion and device Reset. 
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CONTROL WORD 



DON'T 
CARE 



BIT SET/RESET 
1 =SET 
0= RESET 



BIT SELECT 



B 



BIT SET/RESET FLAG 
0- ACTIVE 



FIGURE 3-14. BIT SET/RESET CONTROL WORD FORMAT. 

Operating Modes 

Mode (Basic Input/Output) : 

This functional configuration provides simple Input and Output 
operations for each of the three ports. No "hand-shaking" is re- 
quired, data is simply written to or read from a specified port. 
Mode timing is illustrated in Figure 3-15. 

Mode Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports. 

• Any port can be input or output. 

• Outputs are latched. 

• Inputs are not latched. 
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16 different Input/Output configurations are possible in this 
Mode. Figure 3-16 shows two possible configurations. 
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FIGURE 3-15, 8255 MODE TIMING 
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FIGURE 3-16, EXAMPLES OF MODE CONFIGURATION. 
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Mode 1 (Strobed Input/Output) : 

This functional configuration provides a means for transferring 
I/O data to or from a specified port in conjunction with strobes or 
"handshaking" signals. In Mode I, Port A and Port B use the lines 
on Port C to generate or accept these "handshaking" signals. 

Mode 1 Basic Functional Defintions: 

• Two transfer ports (A and B) . 

• Each transfer port contains one 8-bit data port and 4 bits from 
one half of the control/data port (Port C) . 

• The 8-bit data port can be either input or output. Both 
inputs and outputs are latched. 



Input Control Signal Defintion for Mode 1 



STB (Strobe Input) 

A "low" on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has been loaded 
into the input latch; in essence, an acknowledgement. IBF is set by 
the falling edge of the STB input and is reset by the rising edge 
of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU when 
an input device is requesting service, INTR is set by the rising 
edge of STB if IBF is a "one" and INTE is a "one". It is reset by 
the falling edge of RD. This procedure allows an input device to 
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request service from the CPU by simply strobing its data into the 
port. 

INTE A 

Controlled by bit set/reset of PC4. 

INTE B 

Controlled by bit set/reset of PC2. 

Figure 3-17 illustrates the Mode 1 input configuration, while 
Figure 3-18 shows the basic timing for Mode 1 input. 

Output Control Signal Definition for Mode 1 



OBF (Output Buffer Full F/F) 

The OBF output will go "low" to indicate that the CPU has written 
data out to the specified port. The OBF F/F will be set by the rising 
edge of the WP input and reset by the falling edge of the ACK input 
signal. 



ACK (Acknowledge Input) 

A "low" on this input informs the 8255 that the data from Port 
A or Port B has been accepted. in essence, a response from the periph- 
eral device indicating that it has received the data output by the 
CPU. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU when 
an output device has accepted data transmitted by the CPU. INTR is 
set by the rising edge of ACK if OBF is a "one" and INTE is a "one". 
It is reset by the falling edge of WR. 

INTE A 

Controlled by bit. set/reset of PC6. 
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MODE 1 (PORT A) 



CONTROL WORD 
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FIGURE 3-17. MODE 1 INPUT CONFIGURATION 
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FIGURE 3-18. 8255 MODE 1 INPUT TIMING 
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INTE B 

Controlled by bit set/reset of PC2, 
Figure 3-L9 illustrates the Mode L output configuration , while Fig- 
ure 3-20 shows basic Mode L output timing. 
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FIGURE 3-L9. MODE 1 OUTPUT CONFIGURATION. 
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FIGURE 3-20. MODE 1 BASIC OUTPUT TIMING 
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Mode 2 (Strobed Bi-Directional Bus I/O) : 

This functional configuration provides a means for communi- 
cating with a peripheral device or structure on a single 8-bit bus 
for both transmitting and receiving data (bi-directional bus I/O). 
"Handshaking" signals are provided to maintain proper bus flow dis- 
cipline in a similar manner to Mode 1, Interrupt generation and 
enable/disable functions are also available. 

Mode 2 Basic Functional Definitions: 

• Used in Port A only. 

• One 8-bit, bi-directional data Port (Port A) and a 5-bit 
control Port (Port C) . 

• Both inputs and outputs are latched. 

• The 5-bit control port (Port C) is used for control and 
status for the 8-bit, bi-directional data port (Port A). 

Bi-Directional Bus I/O Control Signal Definition 

INTR (Interrupt Request) 

A high on this output can be used to interrupt the CPU for 
both input or output operations. 

Output Operation Control Signals 



OBF (Output Buffer Full) 

The OBF output will go "low" to indicate that the CPU has writ- 
ten data out to Port A. 

ACK (Acknowledge) 

A "low" on this input enables the tri-state output buffer of 
Port A to send out the data. Otherwise, the output buffer will be 
in the high- impedance state. 
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INTR A and B (The INTE flip-flop associated with OBF) 

Controlled by bit set/reset of PC6 (INTEl) 
Input Operation Control Signals 



STB (Strobed Input) 

A "low" on this input indicates that data has been loaded into 
the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that data has been loaded 
into the input latch. 

INTE 2 (The INTE flip-flop associated with IBF) 

Controlled by bit set/reset PC4 (INTE 2) 

INTR. = PC6 -OBF, + PC4 • IBF, 
A A A 

Figure 3-21 illustrates the port configuration for Mode 2, Figure 
3-22 shows Mode 2 timing, and Table 3-1 summarizes 8255 Moc'a definition. 
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FIGURE 3-21. MODE 2 PORT CONF [GURATION 
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MODE DEFINITION SUMMARY TABLE 



PAo 


MODEO 


IN 


OUT 


IN 


OUT 


PAl 


IN 


OUT 


PA2 


IN 


OUT 


PA3 


IN 


OUT 


PA4 


IN 


OUT 


PA5 


IN 


OUT 


PAg 


IN 


OUT 


PA? 


IN 


OUT 


PBo 


IN 


OUT 


PBl 


IN 


OUT 


PB2 


IN 


OUT 


PB3 


IN 


OUT 


PB4 


IN 


OUT 


PB5 


IN 


OUT 
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IN 


OUT 


PB7 


IN 


OUT 


PCo 


IN 


OUT 
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IN 


OUT 


PC? 


IN 


OUT 


PC3 


IN 


OUT 


PC4 


IN 


OUT 


PC5 


IN 


OUT 
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IN 


OUT 


PC? 


IN 


OUT 



MODE 1 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


INTRb 


INTRb 


IBFb 


OBFb 


STBb 


ACKb 


INTRA 


INTRA 


stba 


I/O 


IBFa 


I/O 


I/O 


ACKa 


I/O 


OBFa 



MODE 2 



GROUP A ONLY 



-< >► 



I/O 

I/O 

I/O 
INTRA 
STBa 
IBFa 
ACKa 
OBFa 



MODEO 
- OR MODE 1 
ONLY 



TABLE 3-1, 8255 MODE DEFINITION SUMMARY 
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3.6.2 PARALLEL I/O CONFIGRATIONS 

Referring to sheet 5 of the schematic, we see that there are 
two 8255 devices, one located at A19, the other at A20. For con- 
venience the following device designations will be used: The device 
at A19 is called the "group l" device, while the device at A20 is 
referred to as the "group 2" device. Each device has three eight-bit 
ports. The "group 1" ports are designated Ports 1, 2 and 3 while the 

"group 2" ports are designated Ports 4, 5 and 6. 

The group 1 and group 2 devices both communicate with the CPU 

Set using the same signal lines: the 8-bit data bus, DB0-DB7, and 
seven control/address lines; ADRO, ADRl, RESET,, lOR/, lOW/, CSl/, 
and CS2/. The data lines bring control bytes or data bytes to an 
8255 or deliver data from an 8255 to the CPU Set. The chip select 
control signals (CSl, and CS2/) select the group 1 and group 2 de- 
vices, respectively, when the proper I/O address appears on the sys- 
tem address bus. CSl/ and CS2/ are the result of decoding address 
bits 2 thiough 7 (ADR2-ADR7) , as shown on sheet 4 of the schematic 
(at A14), The two least significant address bits select the control 
register (when programming an 8255) or one of the three I/O ports 
(when reading or writing data). lOR/ (8255 -> CPU Set) and lOW/ 
(CPU Set -> 8255) indicate the direction of data flow, as summarized 
in Table 3-2. Specific I/O addresses for the six ports and two 8255 
control registers on the SBC-80/10 are listed in Table 3-3. 

A high on the RESET line clears all internal 8255 registers in- 
cluding the control register; all ports (A, B and C) are set for in- 
put. 

Though both 8255 's maintain the same interface (at different 
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TABLE 3-2. 8255 BASIC OPERATION 



Al 


AO 


I OR/ 


lOW/ 


cs/ 


input Operation (Read) 





1 



1 








1 

1 
1 







Port A -^ Data Bus 
Port B -^ Data Bus 
Port C -^ Data Bus 




Output Operation (Write) 1 





1 

1 




1 


1 


1 

1 
1 
1 














Data Bus _> Port A 
Data Bus _^ Port B 
Data Bus -^ Port C 
Data Bus -^ Control 




Disable Function 


X 

1 


X 

1 


X 




X 

1 


1 




Data Bus -^ High-Impedance 
Illegal 



TABLE 3-3, PARALLEL I/O PORT ADDRESSES 



Port 


8255 Device Location 


Eight-Bit Address (Hexadecimal) 


1 
2 
3 


8255 //I Port (A) 
8255 //I Port (B) 
8255 //I Port (C) 

8255 //I Control 


E4 
E5 
E6 

E7 For I/O write only. 


4 
5 
6 


8255 //2 Port (A) 
8255 //2 Port (B) 
8255 #2 Port (C) 

8255 //2 Control 


E8 
E9 
EA 

EB For I/O write only. 



Note: If address = lllOOlxx, CSl/ is activated. 
If address = lllOlOxx, CS2/ is activated. 
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I/O addresses) with the CPU Set, the interface between the group 1 
device and edge connector Jl is significantly different than the inter- 
face between the group 2 device and its associated edge connector (J2) . 
This gives the user a great deal of flexibility when configuring the 
system's external parallel I/O devices. Because of those flexible 
"external" interfaces, however, not all ports are capable of operating 
in each 8255 mode, though all ports can be programmed as either input 
or output. The group 1 ports can fully utilize the 8255 's multi-mode 
and external interrupt capabilities as described in Section 3.6.1. The 
group 2 ports, however, are limited to a single mode of operation. The 
allowable port configurations for both groups are summarized below: 

Port 1 (Group 1 Port A) 

Mode Input 

Mode OuT;put (Latched) 

Mode 1 Input (Strobed) 

Mode 1 Output (Latched) 

Mode 2 Bidirectional 

Port 2 (Group 1 Port B) 

Mode Input 
Mode Output (Latched) 
Mode 1 Input (Strobed) 
Mode 1 Output (Latched) 

Port 3 (Group 1 Port C) 

Mode 8 Bit Input 

Mode 8 Bit Output (Latched) 

Note: Control mode dependent upon Port A and B mode. 

Ports 4 and 5 (Group 2 Port A, B) 

Mode Input 

Mode Output (Latched) 
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Port 6 (Group 2 Port C) 

Mode 8 Bit Input 

Mode 8 Bit Output 

Mode 4 Bit Input/4 Bit Output (Unlatched/latched) 

Mode 4 Bit Output/4 Bit Input (Latched/unlatched) 



Group 1 

Port 1 is the most versatile of the six ports. It can be pro- 
grammed to function in any one of the three 8255 operating modes. This 
first port is the only port that already includes a permanent bidirectional 
driver/termination network (two 8226 bus driver devices at Al and A2). 

Before Port 1 is programmed for input or output in any one of three 
operating modes (as described in Section 3.6.1), certain jumper connec- 
tions must be made to allow the port to function properly in the chosen 
mode. The 40-41-42-43 jumper pad specifies the direction of data flow 
for the two 8226 bidirectional bus drivers. If input in mode or mode 
1 is to be programmed for Port 1, jumper pair 41-42 should be connected. 
If output in mode or mode 1 is to be used, jumper pair 40-41 should be 
connected. If Port 1 is to be programmed for bidirectional mode 2, then 
jumper pair 41-43 should be connected. This connection allows the out- 
put acknowledge, ACK/ , that is input on bit 6 of Port 3 to dynamically 
dictate direction for the two 8226 devices. 

Another jumper pad (48-49-50-51) enables interrupts for Port 1 
when it is in mode 1 or mode 2. Jumper pair 49-50 should be connected 
to allow the INTR output (see Section 3.6.1) from bit 3 of Port 3 to 
activate an interrupt request (INT55/) from the 74LS02 gate at A45 . 
In mode 0, during which there is no provision for interrupts, jumper 
pairs 48-49 and 50-51 must be connected to allow use of bit 3 of port 
3 and to inhibit Port 1 interrupts. 
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Because the 8226 bus drivers are inverting devices, all data 
input to or output from Port 1 is considered to be negative true with 
respect to the levels at the Jl edge connector. 

Port 2 can be progranmed for input or output in either mode 
or mode 1 (see Section 3.6.1). If Port 2 is to be used for input (in 
either mode) , terminator networks must be installed in the sockets at 
A5 and A6. Because these networks must be passive, data that is input 
to Port 2 will be positive true. If Port 2 is to be used for output 
(in either mode) , driver networks must be installed in the sockets at 
A5 and A6. Assuming that the drivers are inverting devices, then the 
data being output will be negative true at the Jl edge connector. 

When Port 2 is programmed for mode 1 , interrupts can be enabled 
by connecting jumper pair 45-46. This connection allows the INTR out- 
put from bit of Port 3 to activate the interrupt request (INT55/) to 
the CPU set. When Port 2 is in mode 0, jumper pairs 44-45 and 46-47 
must be connected to allow use of bit of Port 3 and to inhibit Port 2 
interrupts. 

As was described in Section 3.6.1, the use of Port 3 is depen- 
dent on the modes programmed for Ports 1 and 2. If Port 1 is in mode 1 
or mode 2, bits 3, 4, 5, 6 and 7 of Port 3 can have dedicated control 
functions. 

Port 3 bit 3 -*■ INTR (interrupt request) - input or output 

Port 3 bit 4 "^ STB/ (input strobe) a mode 1 input 

Port 3 bit 5 -> IBF (input buffer full flag) / or mode 2 

Port 3 bit 6 -^ ACK/ (output acknowledge) > mode 1 output 

Port 3 bit 7 -^ OBF/ (output buffer full flag) / or mode 2 
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If Port 2 is in mode 1, bits 0, 1 and 2 of Port 3 have dedicated con- 
trol functions: 

Port 3 bit ^ INTR (interrupt request) - input or output 

Port 3 bit 1 ->■ IBF (input buffer full) \ . ^ , 

Port 3 bit 2 - STB/ (input strobe ) ""P"*^ ""^^ 

Port 3 bit 1 ^ OBF/ (output buffer full)^ , 

Port 3 bit 2 ^ ACK/ (output acknowledge)/ °"^P"'^ °^^y 

While certain Port 3 bits are available if Port 1 is in mode 1 or if 
Port 2 is in mode 0, the use of Port 3 as an eight-bit data path is 
restricted to those configurations that have both Port 1 and Port 2 
programmed for mode 0. In this case all 8 bits of Port 3 can be pro- 
grammed for mode input (termination networks must be installed in 
the sockets at A3 and A4) or output (driver networks must be in- 
stalled at A3 and A4) . Note: If Port 1 and 2 are not both in mode 
0, then a driver network must be installed in the sockets at A3 and 
a termination network must be installed at A4, so that the Port 3 
control lines can function properly. 

Group 2 

The three ports on the group 2 device can be programmed for 
input or output, but only in mode 0. If Port 4 is programmed for in- 
put, termination networks must be installed in the sockets at A7 and 
A8. The data being input will be in positive true form. If Port 4 
is programmed for output, driver networks must be installed at A7 and 
AS. Assuming that inverting drivers are used, then the data will be 
considered negative true at the J2 edge connector. 

If Port 5 is programmed for input, termination networks must 
be installed in the sockets at A21 and All. If Port 5 is programmed 
for output, driver networks must be installed at A21 and All. 
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All eight bits of Port 6 can be programmed for input or output, 
or four bits can be programmed for input while the other four bits are 
programmed for output (see Section 3.6.1). Driver termination net- 
works must be installed in the sockets at A9 and AlO as listed in 
Table 3-4. 



TABLE 3-4. Port 6 I/O CONFIGURATIONS 







Sockets at A9 


Sockets at AlO 


8-bit Input 


Terminators'*'' 


Terminators* 


8-bit Output 


Drivers 


Drivers** 


Upper 4-bits 
Lower 4-bits 


Input/ 
Output 


y 

Terminators 


Drivers * 


Lower 4-bits 
Upper 4-bits 


Input/ 
Output 


Drivers 


Terminators* 



■x-x- 



Positive-true data. 

Negative-true data if inverting drivers. 



In Section 4.2, all of the user options for configuring parallel 
I/O on the SBC-80/10 are summarized for convenient reference. 
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CHAPTER 4 
USER SELECTABLE OPTIONS 

The SBC-80/10 provides the user with a powerful, but flexible 
I/O capability for both parallel and serial transfers. The serial 
I/O Interface, using Intel's 8251 USART, provides a serial data com- 
munications channel that can be programmed to operate with most of 
the current serial data transmission protocols. Synchronous or 
asynchronous mode, baud rate, character length, number of stop bits 
and even/odd parity are all program selectable. In addition, the 
user has the option, through jumper connections, of configuring the 
Serial I/O Interface as anEIARS232C interface or as a Teletype- 
compatible current loop interface. 

The Parallel I/O Interface, using two Intel 8255 Programmable 
Peripheral Interface devices, provides 48 signal lines for the trans- 
fer and control of data to or from peripheral devices. Eight lines 
already have a bidirectional driver and termination network perma- 
nently installed. The remaining 40 lines, however, are uncommitted. 
Sockets are provided for the installation of active driver networks 
or passive termination networks as required to meet the specific 
needs of the user system. 

In this chapter, we will reiterate each of the options available 
to the user, and svimmarize, for easy reference, the specific infor- 
mation required to implement the user's tailored I/O configuration. 
Section 4.1 deals with the Serial I/O Interface, while Section 4.2 
covers Parallel I/O options. Section 4.3 will describe general options 
not covered in the other two sections. 
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4. 1 SERIAL I/O INTERFACE OPTIONS 

There are three general areas of Serial I/O options: 

1) choice of interface type, RS232C or current loop, 

2) baud rate and program-selectable mode options, 

3) choice of an interrupt request mechanism. 

The first two are covered in the following paragraphs; the third, 
choice of interrupt mechanism, is quite simple and is fully explained 
in Section 3. 5.4. 

4.1.1 INTERFACE TYPE 

The user has the choice of configuring the Serial I/O logic to 
present either an EIA RS232C or a 20 mA current loop interface to an 
external device. If a Teletype-compatible current loop interface is 
used, the 8251 I/O pins should be connected to the external Teletype 
lines as listed in Table 4-1. The reader control logic is controlled 
by the output DSR/ from the 8251. If an EIA RS237C interface is used, 
the 8251 can assume the role of a "data set" (see Table 4-2a) or a 
partial "data processing terminal" (see Table 4-2b) , Pin definitions 
for the 8251 USART are listed in Section 3.5,1. 

4.1.2 BAUD RATE AND PROGRAM- SELECTABLE SERIAL I/O OPTIONS 
Before beginning Serial I/O operations, the 8251 must be pro- 
gram-initialized to support the desired mode of operation. The CPU 
initializes the 8251 by outputting a set of control bytes to the USART 
device. These control words specify: 

* synchronous or asynchronous operation, 

* baud rate factor, 

* character length, 

* number of stop bits, 

* even/odd parity. 

* parity/no parity 

In this role, cable modifications must be made to conform with 
RS232 standards. 
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TABLE 4-1, 20 mA CURRENT LOOP SERIAL I/O INTERFACE 



8251 PIN 


PIN 




CONNECTOR 


JUMPER^ -^^ 




MNEMONIC 


NO. 




PIN NO. 


CONNECTIONS 




TXD 


19 


TTY Tx 


J3-25 


1-2 




DTR/ 


24 


TTY RD CONTROL 


J3-6 


23-24 




(1) RTS/ 


23 


(CTS/) 


- 


27-29, 30-31 




(1) CTS/ 


17 


(RTS/) 


- 


27-29 




(2) TXC 


9 


(Baud Rate Clk) 


- 


33-34 (8-4, 56- 


■57) 


(2) RXC 


25 


(Baud Rate Clk) 


- 


35-36 (8-4, 56 


-57) 


TXD 


3 


TTY Rx 


J3-22 


38-39 




- 


- 


TTY Rx RET 


J3-23 


- 




- 


- 


TTY Tx RET 


J3-24 


- 




— 


— 


TTY RD CTL RET 


J3-16 


— 





Notes: (1) 



(2) 



(3) 



The 8251 's RTS/ output is connected to the CTS/ input 
through jumper pair 27-28. The command instruc- 
tion word for the 8251 must enable RTS/. 
TXC and RXC are connected to the Baud Rate Clk line 
via jumpers 33-34 and 35-36. The Baud Rate Clk should 
be configured for 110 baud by connecting jumpers 8-4 
and 56-57 (see Table 4-3) , and the 8251 should be pro- 
grammed for a baud rate factor of 64 (see Section 4.2), 
The SBC 80/10 comes with these jumper connections made. 
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TABLE 4-2a. RS232C INTERFACE, "DATA SET" ROLE 



8251 PIN 


PIN 


LINE FUNCTION 


CONNECTOR 


JUMPER 


JUMPER 


MNEMONIC 


NO. 


PIN NO. 


CONNECTIONS 


REMOVAL 


RXD 


3 


TRANSMITTED DATA 


J3-3 


37-38 


39-38 


TXD 


19 


RECEIVED DATA 


J3-5 


2-3 


1-2 


(1) CTS/ 


17 


REQ TO SEND 


J3'-7 


27-28 


27-29 


RTS/ 


23 


CLEAR TO SEND 


J3-9 


29-30 


- 


DTR/ 


24 


DATA SET READY 


J3-11 


22-23 


23-22 


(2) DSR/ 


22 


DATA TERMINAL RDY 


J3-14 


25-26 


- 


- 


- 


PROTECTIVE GROUND 


J3-1 


- 


- 


— 


— 


SIGNAL GROUND 


J3-13 


— 


— 



TABLE 4-2b. RS232C INTERFACE, "DATA PROCESSING TERMINAL" ROLE 



8251 


PIN 


PIN 


LINE FUNCTION 


CONNECTOR 


JUMPER 


JUMPER 


MNEMONIC 


NO. 


PIN NO. 


CONNECTIONS 


REMOVAL 




TXD 


19 


TRANSMITTED DATA 


J3-5 


2-3 


1-2 




RXD 


3 


RECEIVED DATA 


J3-3 


37-38 


36-39 




RTS/ 


23 


REQ TO SEND 


J3-9 


29-30 


27-29 


(1) 


CTS/ 


17 


CLEAR TO SEi,D 


J3-7 


27-28 


- 




DTR/ 


24 


DATA TERMINAL RDY 


J3-11 


22-23 


23-24 


(3) 


TXC 


9 


TRANSMIT CLOCK 


J3-14 


32-33 


26-25 


(2) 


DSR/ 


22 


DATA SET RDY 


J3-14 


25-26 


- 


(3) 


RXC 


25 


RECEIVE CLOCK 


J3-22 


36-39 


35-36 




- 


- 


PROTECTIVE GROUND 


J3-1 




- 




- 


- 


SIGNAL GROUND 


J3-13 


— 


— 



Notes: (1) The CTS/ input pin on the 8251 must be "low" to enable the 
8251 to transmit. 

(2) When connector pin J3-14 is jumpered (25-26) to the DSR/ 
input, J3-14 cannot be used to supply an external transmit 
clock. 

(3) In the asynchronous mode, TXC and RXC can be connected to 
externally supplied clocks via jumpers 32-33 and 36-39, or 
they can be connected to the internal Baud Rate Clk via 
jumpers 33-34 and 35-36, regardless of the mode. 



In this role, cable modifications must be made to conform with RS232 
standards. 
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As explained in Section 3,5.1, there are two types of control words: 
(1) Mode instruction and (2) Command instruction. The Mode instruc- 
tion initializes the 8251 USART. Because the USART supports either 
synchronous or asynchronous operation, the Mode instruction has one 
format for synchronous operation and another for asynchronous. The 
two least significant bits of the Mode instruction byte specify the 
format. If DO and Dl both equal 0, synchronous operation is indi- 
cated; otherwise, it is asynchronous. The Mode instruction format 
for asynchronous operation is illustrated in Figure 3-8. The Mode 
instruction for synchronous operation is shown in Figure 3-9. 

Notice in Figure 3-8 that the baud rate factor is specified by the 
two least significant bits of the instruction byte (labeled Bl and B2). 
During asynchronous communications, the Baud Rate Clock frequency 
supplied to the 8251 's TXC and RXC input pins is divided by the baud 
rate factor to produce the effective baud rate (i.e., the frequency 
at which data bits are serially transmitted by the 8251 USART). Con- 
sequently, the Baud Rate Clock, as well as the program-selected baud 
rate factor, must be considered in" implementing the desired effective 
baud rate. The Baud Rate Clock frequency is selected through various 
jumper connections as shown on 3heet 4 of the SBC-80/10 schematic 
(Appendix A). The selection of an effective baud rate is summarized 
in Table 4-3. 

Notice from the schematic that TXC and RXC inputs can be supplied 
by externally supplied clocks (via connector pins J3-14 and J3-22, 
respectively), instead of using the Baud Rate Clock, if jumpers 32-33 
and 36-39 are connected and jumpers 33-34 and 35-36 are disconnected. 
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TABI.E 4-3. MUD RATE SELECTION 



i 


EFFECTIVE MUD RATE (Hz) 


JUMPER 
CONNECTION 


SYNCHl^ONOUS MODE 


ASYNCHRONOUS MODE 


BAUD RATE FACTOR=16(2) 


BAUD RATE FACTOR=64(2) 


10-4 

11-4 

12-4 

5-4 

6-4 

7-4 

(1) 8-4 

(1) 8-4,) 

56-57/ 


38,400 

19,200 

9600 

4800 

6980 


(3) 
9600^^ 

4800 

2400 

1200 

600 

300 


4800 
2400 
1200 

600 

300 

150 
75 

110 (TTY) 



Note: (1) If jumper pair 56-57 is not connected, the frequency at 
jumper pole 8 is 4.8 KHZ. If jumper 56-57 is connected, how- 
ever, the frequency at jumper pole 8 is 6.98 KHZ which, with 
a programmed baud rate factor of 64, provides an effective 
baud rate of approximately 110 baud for Teletype use. 

(2) Baud rate factor is software selectable. 

(3) Caution: Baud Rate Factor = 16 

4.2 PARALLEL I/O OPTIONS 

The Parallel I/O Interface consists of six 8-bit I/O ports im- 
plemented with two Intel 8255 Programmable Peripheral interface de- 
vices. The primary user considerations in determining how to use 
each of the six I/O ports are: 

1) Choice of operating mode (as defined in Section 3.6.1), 

2) direction of data flow (input, output or bidirectional), 

3) choice of drivei'/termination networks for port's data 
path. 

In the following paragraphs, we will define the capabilities of each 
port and suiranarize, in tables, that information which is necessary 
to use the port in each of its potential configurations. Each table 
will list the port I/O address, the control register address and the 
format for the control word which is output to the 8255 by the CPU 
Set and wliicli specifics the particular configuration to be used. Each 
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table will also summarize all of the relevant information concerning 
the choice and use of driver/termination networks, the data polarity, 
the connecting of jumpers and what they enable, and any restrictions on 
the use of the other two ports in each group. Examples of suitable driver/ 
tennination networks are listed in Section 5. 1. 

4.2.1 PORT 1 (GROUP 1 PORT A) 

Port 1 is the only port that already includes a permanent bi- 
directional driver/termination network (two 8226 Bidirectional Bus 
Drivers). Port 1 is also the only port which can be programmed to 
function in any one of the three 8255 operating modes, which were 
defined in Section 3.6.1. Before Port 1 is programmed for input or 
output in any one of the three modes, certain jumper connections must 
be made to allow the port to function properly in the chosen mode. 
Other jumper connections must be made to enable interrupts when Port 
1 is in mode 1 or mode 2. in all, there are five potential configu- 
rations for Port 1. All of the necessary information for implementing 
each configuration has been summarized in the following tables: 



PORT 1 CONFIGURATIONS 


TABLE 


Mode 


Direction 


1. Mode 

2. Mode 

3. Mode 1 

4. Mode 1 

5. Mode 2 


Input 

Output (Latched) 

Input (Strobed) 

Output (Latched) 

Bidirectional 


Table 4-4 
Table 4-5 
Table 4-6 
Table 4-7 
Table 4-8 
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TABLE 4-4. PORT 1, MODE INPUT CONFIGURATION 



PORT 1 ADDRESS : E4, CONTROL REGISTER ADDRESS : E7 
CONTROL WORD FORMAT: 76543210 



100 Ixxxx 



DRIVER/TERMINATION NETWORKS : Two Intel®8226 Bidirectional Bus 
Drivers permanently installed at AL and A2. 

DATA POLARITY : Negative-true. 

JUMPER CONNECTIONS: 41-42 to enable input at 8226's, Remove 40-41. 

PORT 2 RESTRICTIONS: None; port 2 can be programmed for mode or 
mode 1, input or output (see Section 4.2.2) 

PORT 3 RESTRICTIONS: None; port 3 can be programmed for mode 0, 

8-bit input or output, unless port 2 is in mode 1. (see Section 4, 2. 3). 



TABLE 4-5. tORT 1, MODE LATCHED OUTPUT CONFIGURATION 



PORT 1 ADDRESS : E4, CONTROL REGISTER ADDRESS : E7 
CONTROL WORD FORMAT : 7 6 5 4 3 2 10 



DRIVER/TERMINATION NETWORKS : Two Intel® 8226 Bidirectional Bus 
Drivers permanently installed at AL and A2. 

DATA POLARITY : Negative- true. 

JUMPER CONNECTIONS : 40-41 to enable output at 8226's. 

PORT 2 RESTRICTIONS: None; port 2 can be programmed for mode or 
mode L, input or output (see Section 4.2.2) 

PORT 3 RESTRICTIONS: None; port 3 can be programmed for mode 0, 
input or output, unless port 2 is in mode 1 (see Section 4.2.3). 
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TABLE 4-6. PORT 1, MODE 1 STROBED INPUT CONFIGUTJVTION 



PORT 1 ADDRESS : E4, CONTROL REGISTER ADDRESS : E7 
CONTROL WORD FORMAT: 



7 


6 


5 


4 


3 


2 


1 







% 


1 


1 


0/ 
/l 


X 


X 


X 



DRIVER/TEmilNATION NETWORKS : Two Intel®8226 Bidii'ectional Bus 
Drivers permanently installed at Al and A2. A driver netv/ork must 
be installed at A3 and a termination network must be installed at 
A4. 

DATA POLARITY: Negative- true. The polarity of Port 3 control out- 
puts is dependent on the type of driver installed at A3. 

JUMPER CONNECTI ONS : h\-h2 to enable input at 8226»s; connect 49-50 
to enable interrupt request via INT55/. Remove 40-41. 48-49. 50-51. 

PORT 2 RESTRICTIONS: None; port 2 can be programmed for mode or 
mode 1, iiiput or outpiit (see Section 4.2.2). 

PORT 3 RESTRICTIONS: Port 3 bits perform the follov,-ing dedicated 
functions: 

*Bits 0, 1 and 2 - dedicated to control of port 2 if port 2 is in 

mode 1 (see Tables 4-9 to 4-12). 
*Bit 3 - INTR (interrupt request) output for port 1. 
*Bit 4 - STB/ (strobe) input for port 1. 
*Bit 5 - IBF (input buffer full) output for port 1. 
*Bit 6 Only one bit can be used. If input use bit 6; do not 

& - use bit 7. Bit 3 of Control Word=l. If output use bit 
*Bit 7 7 and remove jumper between 13-14; do not use bit 6. 
Bit 3 of Control Word=0. 
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TABLE 4-7, PORT 1, MODE 1 LATCHED OUTPUT CONFIGURATION 



PORT 1 ADDRESS : E4, CONTROL REGISTER ADDRESS : E7 
CONTROL WORD FORMAT: 76543210 











X i X 






DRIVER/TERMINATION NETV/ORKS: Two Intel®8226 Bidirectional Bus 



Drivers permanently installed at Al and A2. A driver network must 

be installed at A3 and a termination network must be installed at 
A4. 

DATA POLARITY: Negative-true. The polarity of Port C control out- 



puts is dependent on the type of driver installed at A3. 

JUMPER CONNECTIONS : 40-Al to enable output at 8226 's; connect 49-50 
to enable interrupt request via INT55/. Remove A8-A9, 50-51. 

PORT 2 RESTRICTIONS: None; port 2 can be programmed for mode or 



mode 1, input or output (see Section 4.2.2), 

PORT 3 RESTRICTIONS : Port 3 bits perform the following dedicated 
functions: 

*Bits 0, ] and 2 - dedicated to the control of port 2 if port 2 is 

in mode 1 (see Tables 4-11 and 4-12). 
*Bit 3 - INTR (interrupt request) output for port 1. 
''Bit 4 - can be used for input if bit 3 of control word = 1 
*Bit 5 - cannot be used if PC4 is used; can be used for output if 

control word bit 3=0 (PC4 cannot be used then") . 
*Bit 6 - ACK/ (acknowledge) input for port 1. 
*Bit 7 - OBF/ (output buffer full) output for port 1. 
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TABLE 4-8. PORT 1, MODE 2 BIDIRECTIONAL CONFIGURATION 



PORT 1 ADDRESS: E4, CONTROL REGISTER ADDRESS: E7 



7 


6 


5 


4 


3 


2 


1 





1 


1 


X 


X 


X 


X 


X 


X 



CONTROL WORD FORMAT: 



DRIVER/ TERM I NAT I ON NETWORKS : Two Intel 8226 Bidirectional Bus 
Drivers permanently installed at Al and A2. A driver network must 
be installed at A3 and a termination network must be installed at 
A4. 

DATA POLARITY : Negative-true. The polarity of Port C control out- 
puts is dependent on the type of driver installed at A3. 

JUMPER CONNECTIONS : 41-43 to allow ACK/ input on PC6 to dynamically 
change data direction at 8226's (input when ACK/ = 1 and output when 
ACK/ = 0); connect 49-50 to enable interrupt request via INT55/. 
Remove 40-41, 48-49, 50-51. 

PORT 2 RESTRICTIONS : None. 

PORT 3 RESTRICTIONS : Port 3 bits perform the following dedicated 
functions: 

*Bits and 1 - can be used for output if bit 3 of control word = 
*Bit 2 - cannot be used if PCO and PCI are used; can be used for 

input if control word bit 3=1 (PCO and PCI cannot be 

used then) . 
*Bit 3 - INTR (interrupt request) output for port 1. 
*Bit 4 - STE/ (strobe input for .port 1, 
*Bit 5 - IBF (input buffer full) output for port 1. 
*Bit 6 - ACK/ (acknowledge) input for port 1. 
*Bit 7 - OBF/ (output buffer full) output for port 1. 
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4.2.2 PORT 2 (GROUP 1 Port B) 

Port 2 can be programmed for input or output in either mode 
or mode 1. If Port 2 is to be used for input, in either mode, ter- 
minator networks must be installed in the sockets at A5 "and A6. If 
Port 2 is to be used for output, in either mode, driver networks must 
be installed in the sockets at A5 and A6. When Port 2 is programmed 
for mode 1, interrupts can be enabled by connecting jumper pair 45-46. 
The four potential configurations for Port 2 are summarized in the 
following tables: 



PORT 2 CONFIGURATIONS 


TABLE 


Mode 


Direction 


1. Mode 

2. Mode 

3. Mode 1 

4. Mode 1 


Input 

Output (Latched) 
Input (Strobed) 
Output (Latched) 


Table 4-9 
Table 4-10 
Table 4-11 
Table 4-12 



TABLE 4-9. PORT 2, MODE INPUT CONFIGURATION 



PORT 2 ADDRESS : E5, CONTROL REGISTER ADDRESS : E7 
CONTROL WORD FORAIAT: 



7 


6 


5 


4 


3 


2 


1 





1 


X 


X 


X 


X 





1 


A 



DRIVER/TERMINATION NETWORKS : Termination networks must be installed 
at A5 and A6. 

DATA POLARITY : Positive- true. 

JUMPER CONNECTION : None. 

PORT 1 RESTRICTIONS : None (see Section 4.2.1). 

PORT 3 RESTRICTIONS : None, port 3 can be programmed for mode 0, 
input or output, unless port 1 is in mode 1 or mode 2 (see Section 
4.2.3). 
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TABLE 4-10. PORT 2, MODE LATCHED OUTPUT CONFIGURATION 



PORT 2 ADDRESS : E5, CONTROL REGISTER ADDRESS : E7 
CONTROL WORD FORMAT: 76543210 

FFFT 











DRIVER/TERMINATION NETWORKS : Driver networks must be installed at 
A5 and A6, 

DATA POLARIIY: Negative-true, assuming that inverting drivers are 
at A5 and A6. 

JUMPER CONNECTIONS : None. 

PORT 1 RESTRICTIONS: None (see Section 4.2.1). 



PORT 3 RESTRICTIONS : None, port 3 can be programmed for mode or 
mode 1, 8- bit input or output, unless port 1 is in mode 1 ,or mode 2 
(see Section 4.2.3). 



TABLE 4-11. PORT 2, MODE 1 STROBED INPUT CONFIGURATION 



PORT 2 ADDRESS: E5, CONTROL REGISTER ADDRESS: E7 



CONTROL WORD FORMAT: 





7 


6 


5 


4 


3 


2 


1 







1 





X 


X 


X 


1 


1 


2 



DRIVER/TERMINATION NETWORKS : Termination networks must be installed 
at A5 and A6. A driver network must be installed at A3 and a ter- 
mination network must be installed at A4. 

DATA POLARITY : Positive-true. The polarity of Port C control out- 
puts is dependent on the type of driver installed at A3. 

JUMPER CONT^ECTIONS : 45-46 to enable interrupt request via INT55/. 

Remove 44-45, 46-47. 

PORT 1 RESTRICTIONS : None. 

PORT 3 RESTRICTIONS : Port 3 bits perform the following dedicated 
functions : 

*Bit - INTR (interrupt request) output for port 2. 
*Bit 1 - IBF (input buffer full) output for port 2. 
*Bit 2 - STB/ (strobe) input for port 2, 

*Bit 3 to Bit 7 - dedicated to control of port 1 if port 1 is in 
mode 1 (see Tables 4-4 to 4-7). 
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TABLE 4-12. PORT 2, MODE 1 LATCHED OUTPUT CONFIGURATION 



PORT 2 ADDRESS: E5, CONTROL REGISTER ADDRESS: E7 



CONTROL WORD FORMAT: 



7 


6 


5 


4 


3 


2 


1 





LJ 





X 


X 


X 


1 





X 



DRI VER/TERMI NAT ION NETWORKS : Driver networks must be installed 
at A5 and A6. A driver network must be installed at A3 and a 
termination network must be installed at A4. 

DATA POLARITY: Negative-true, assuming that inverting drivers are 
at A5 and A6. The polarity of Port C control outputs is dependent 
on the type of driver installed at A3. 

JUMPER CONNECTIONS : 45-46 to enable interrupt request via INT55/ 

Remove 44-45, 46-47. 

PORT I RESTRICTIONS : None. 

PORT 3 RESTRICTIONS : Port 3 bits perform the following dedicated 
functions : 

*Bit - INTR (interrupt request) output for port 2. 
*Bit 1 - OBF/ (output buffer full) output for port 2, 
*Bit 2 - ACK/ (acknowledge) input for port 2. 

*Bit 3 - P3-7 - dedicated to control of port 1 if port 1 is in 
mode I (see Tables 4-4 to 4-7). 



4.2.3 PORT 3 (GROUP I PORT C) 

The use of Port 3 is dependent on the modes programmed for Ports 
1 and 2 (refer to Tables 4-4 to 4-12). While certain Port 3 bits 
are available if Port 1 is in mode 1 or if Port 2 is in mode 0, the 
use of Port 3 as an 8-bit data path is restricted to those configura- 
tions that have both Port 1 and Port 2 programmed for mode 0. in 
this case, all eight bits of Port 3 can be programmed for mode input 
(see Table 4-13) or output (see Table 4-14) , A 4-bit input/4-bit out- 
put configuration is never possible for group 1 Port C. 
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Note: If Ports 1 and 2 are not both in mode 0, then a driver net- 
work must be installed in the sockets at A3 and a termina- 
tion network must be installed at A4, so that the Port 3 
control lines can function properly. 



4.2.4 PORTS 4 AND 5 (GROUP 2 PORTS A AND B) 

Ports 4 and 5 can be programmed for input or output but only 
in mode 0. The two potential configurations for each port are sum- 
marized in the following tables: 



CONFIGURATIONS 


TABLE 


PORT 


MODE 


DIRECTION 


1. 
2. 
1. 
2. 


Port 4 
Port 4 
Port 5 
Port 5 


Mode 
Mode 
Mode 
Mode 


Input 

Output (Latched) 

Input 

Output (Latched) 


Table 4-15 
Table 4-16 
Table 4-17 
Table 4-18 



TABLE 4-13. PORT 3, MODE 0, 8-BIT INPUT CONFIGURATION 



PORT 3 ADDRESS: E6, CONTROL REGISTER ADDRESS: E7 



CONTROL WORD FORMAT: 



76543 2 10 
100x10x1 



DRIVER/TERMINATION NETWORKS : Termination networks must be installed 
at A3 and A4. 

DATA POLARITY : Positive-true. 

JUMPER CONNECTIONS : 46-47 and 44-45 to disable port 2 interrupts 

and enable P3-0; connect 48-49 and 50-51 to disable port 1 interrupts 
and enable P3-3. 

PORT 1 AND 2 RESTRICTIONS: Both ports 1 and 2 must be in mode 0. 
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TABLE 4-14. PORT 3, MODE 0,8-BIT LATCHED OUTPUT CONFIGURATION 



PORT 3 ADDRESS : E6, CONTROL REGISTER ADDRESS : E7 
CONTROL WORD FORMAT: 76543210 



E 








X 








X 






DRIVER/TERMINATION NETWORKS : Driver networks must be installed 
at A3 and A4, 

DATA POLARITY: Negative-true, assuming that inverting drivers are 
installed at A3 and A4. 

JUMPER CONNECTIONS : 46-47, and 44-45 to disable port 2 interrupts 
and enable P3-0; connect 48-49 and 50-51 to disable port 1 interrupts 
and enable P3-3. 

fORT 1 AND 2 RESTRICTIONS: Both ports 1 and 2 must be in mode 0. 



TABLE 4-15. PORT 4, MODE 0, INPUT CONFIGURATION 



PORT 4 ADDRESS: E8, CONTROL REGISTER ADDRESS: EB 



CONTROL WORD FORMAT: 



7 


6 


5 


4 


3 


2 


1 





1 








1 


X 





X 


X 



DRI VER/TERMINATION NETWORKS : Termination networks must be installed 
at A7 and AS. 

DATA POLARITY: Positive-true. 



JUMPER CONNECTIONS : None. 

PORT 5 AND 6 RESTRICTIONS : None; ports 5 and 6 can be programmed for 
mode 0, input or output (also see Section 4.2,5). 
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TABLE 4-16. PORT 4, MODE LATCHED OUTPUT CONFIGURATION 



PORT 4 ADDRESS: E8, CONTROL REGISTER ADDRESS : EB 
CONTROL WORD FORMAT: 76543210 



lOOOxOxx 



DRIVER/TERMINATION NETWORKS : Driver networks must be installed at 
A7 and A8. 

DATA POLARITY: Negative-true, assuming that inverting drivers are 
installed at A7 and A8. 



JUMPER CONNECTIONS : None . 

PORT 5 AND 6 RESTRICTIONS: None; ports 5 and 6 can be programmed 
for mode 0, input or output (also see Section 4.2.5). 



TABLE 4-17. PORT 5, MODE INPUT CONFIGURATION 



PORT 5 ADDRESS: E9, CONTROL REGISTER ADDRESS: EB 



CONTROL WORD FORMAT: 76543210 



1 



DRIVER/TERMINATION NETWORKS : Termination networks must be installed 
at All and A21. 

DATA POLARITY : Positive-true. 

JUMPER CONNECTIONS : None. 

PORT 4 AND 6 RESTRICTIONS : None; ports 4 and 6 can be programmed 
for mode 0, input or output (also see Section 4.2.5). 
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TABLE 4-18. PORT 5, MODE LATCHED OUTPUT CONFIGURATION 



PORT 5 ADDRESS : E9, CONTROL REGISTER ADDRESS : EB 
CONTROL WORD FORMAT: 76543210 



1 








X 


X 








X 



DRIVER/TERMINATION NETWORKS : Driver networks must be Installed 
at All and A2lT 

DATA POLARITY: Negative-true, assuming that inverting drivers are 
installed at All and A21. 

JUMPER CONNECTIONS : None. 

PORT A AND 6 RESTRICTIONS : None; ports 4 and 6 can be programmed 
for mode 0, input or output (also Section 4.2.5). 



A. 2. 5 PORT 6 (GROUP 2 PORT C) 

All- eight bits of Po't 6 can be programmed :Por mode input or 
output, or four bits can be programmed for mode input while the other 
four bits are programmed for mode output. The four potential con- 
figurations for Port 6 are summarized in the following tables; 







PORT 6 CONFIGURATIONS 


TABLE 


1. 


MODE 


8- BIT INPUT 


Table 4-19 


2. 


MODE 


8- BIT OUTPUT (LATCHED) 


Table 4-20 


3. 


MODE 


UPPER 4- BIT INPUT/LOWER 4-BIT OUTPUT 


Table 4-21 


4. 


MODE 


UPPER 4-BIT OUTPUT/LOWER 4-BIT INPUT 


Table 4-22 



• 4-18 



TABLE 4-19. PORT 6, MODE 0, 8-BIT INPUT CONFIGURATION 



PORT 6 ADDRESS : EA, CONTROL REGISTER ADDRESS : EB 
CONTROL WORD FORMAT: 76543210 



1 








X 


1 





X 


1 



DRIVER/TERMINATION NETWORKS: Termination networks must be installed 
at A9 and AlO. 

DATA POLARITY: Positive-true. 

JUMPER CONNECTIONS : None. 

PORT 4 AND 5 RESTRICTIONS: None (see Section 4.2.4). 



TABLE 4-20. PORT 6, MODE 0,8-BIT LATCHLU' OUTPUT CONFIGURATION 



PORT 6 ADDRESS: EA, CONTROL REGISTER ADDRESS: EB 



CONTROL WORD FORMAT: 





7 


6 


5 


4 


3 


2 


1 







1 








X 








X 


oj 



DRIVER/TERMINATION NETWORKS : Driver networks must be installed 
at A9 and AlO. 

DATA POLARITY: Negative-true, assuming that inverting drivers 
are installed at A9 and AlO. 

JUMPER CONNECTIONS : None. 

PORT 4 AND 5 RESTRICTIONS: None (see Section 4.2.4). 
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TABLE 4-21. PORT 6, MODE UPPER 4-BIT INPUT/LOWER 
4-BIT LATCHED OUTPUT CONFIGURATION 

PORT 6 ADDRESS : EA, CONTROL REGISTER ADDRESS : EB 

CONTROL WORD FORMAT: 76543210 



cn 



1 















DRIVER/TERMINATION NETWORKS: A termination network must be installed 
at A9 and a driver network must be installed at AlO. 

DATA POLARITY : The upper 4-bits will be in positive- true form; 
however, the lower four bits will be in negative-true form if an 
inverting driver is installed at AlO. 

JUMPER CONNECTIONS : None. 

PORT 4 AND 5 RESTRICTIONS: None (see Section 4.2.4). 



TABLE 4-22. PORT 6, MODE UPPER 4-BIT LATCHED OUTPUT/LOWER 
4-BIT INPUT CONFIGURATION 



PORT 6 ADDRESS: EA, CONTROL REGISTER ADDRESS: EB 



CONTROL WORD FORMAT: 



7 


6 


5 


4 


3 


2 


1 













X 








X 


1 



DRIVER/TERMINATION NETWORKS : A driver network must be installed 
at A9 and a termination network must be installed at AlO. 

DATA POLARITY : The lower 4-bits will be in positive-true form; 
however, the upper 4-bits will be in negative-true form if an in- 
verting driver is installed at A9. 

JUMPER CONNECTIONS : None. 

PORT 4 AND 5 RESTRICTIONS: None (see Section 4.2,4). 
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TABLE 4-23. PARALLEL I/O ADDRESS AND SOCKET ASSIGNMENTS 



PORT 


I/O ADDRESS 


SOCKET NUMBERS 


1 


E4 


BI-DIRECTIONAL DRIVER/ 
TERMINATOR AT Al, A2 


2 


E5 


A5, A6 


3 


E6 


A3, A4* 


4 


E8 


A7, A8 


5 


E9 


All, A21 


6 


EA 


A9, AID** 



*Note requirements specified in Tables 4-4 through 4-14. 
**Note requirements specified in Tables 4-15 through 4-22. 
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4.3 GENERAL OPTIONS 

There are several other options that may be useful. Details 
are provided in the following paragraphs. 

4.3.1 SYSTEM RESET OUTPUT 

The user can enable a SYSTEM RESET output from the SBC 80/10 
by connecting jumper pair 54-55. This allows the reset signal which 
is generated on the SBC 80/10 during power-up sequences (see Sec- 
tion 3.1.5) to be made available to other modules in the system via 
connector Pl-14. Notice on the schematic that a SYSTEM RESET input 
is accepted by the SBC 80/10 and Pl-14 and applied to the 8080 re- 
gardless of jumper connections. 

4.3.2 DISABLE BUS CLOCK SIGNALS 

The bus clock BCLK/ (connector pin Pl-13) or the constant clock 
CCLK/ (P-31) outputs can be disabled (if more drive, or a different fre- 
quency is needed) by disconnecting jumper pair 61-63 or 62-64, respec- 
tively. When connected, both BCLK/ and CCLK/ provide a 9.216 MHz timing 
reference to other modules. 

4.3.3 ACKNOWLEDGE INPUTS 

The SBC bus has defined two types of acknowledges; transfer acknow- 
ledge (XACK/) and advance acknowledge (AACK/) . XACK/ is the required 
response of a memory or I/O port which indicates that the specified 
read/write operation has been completed. That is, data has been placed 
on (READ command) or accepted from (WRITE command) the system data bus 
lines. XACK/ is asynchronous with BCLK/. AACK/ is an advance acknow- 
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READ COMMAND/ 

DATA 
XACK/ 



X 



DATA VALID 



FIGURE 4-1. READ COMMAND WITH XACK/ 



ledge In response to a memory or I/O port command. This optional 
acknowledge is used only with 8080 CPU-based systems where maximum 
system performance is needed. Figure 4-2 shows timing of the SBC 
80/10 "READING" memory using the AACK/ signal. 



AACK/ is a response to a READ command indicating that data will 

be valid on the bus by the time the 8080 needs it. Thus, if the 

access time of the slave device is less than t „ (command to data 

needed by the 8080) , the slave module has t_ (command to 8080 sample 

oKD 

point of bus acknowledge) to indicate that the data on the bus will be 
valid when the 8080 needs it. If the access time of a module is less 
than to^jx then only XACK/ need be used and the 8080 will run at maximum 



speed. 
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If the access time of a module is greater than t , but less than 

oKD 

t.__, AACK/ must be used, if the 8080 is to run at maximum speed. If 
AACK/ is not used and instead XACK/ is used, the 8080 will execute one 
more wait state than is necessary. AACK/ is asynchronous with BCLK/. 



READ COMMAND/ 



DATA 



AACK/ 



8080 READY 
SAMPLING POINT 



'8KD 



"ACC- 



8080 'READS' 
DATA 



* 



x: 



DATA VALID 



XACK/ 



FIGURE 4-2. READ COMMAND WITH AACK/ 



AACK/ is also an advance response to a WRITE command indicating that 
the slave module will have accepted the data from the system bus by 
the time the 8080 has completed the WRITE. Figure 4-3 shows timing 
of the SBC 80/10 "WRITING" memory using the AACK/ signal. 
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WRITE COMMAND/ 



DATA 



AACK/ 



XACK/ 



8080 READY 
SAMPLE POINT 



SLAVE MODULE 
DONE 



X DATA VALID 



8080 DONE 
WITH WRITE 



* * 



\ 



X 



FIGURE A-3. WRITE COMMAND WITH AACK/ 



When modules that generate proper AACK/ are used with the SBC 80/10, 
jumper pair 52-53 should be connected to allow AACK/ to be accepted 
(at Pl~25) and gated to the RDYIN pin on the 822A clock generator. If 
this option is used, caution should be taken to insure that all the 
modules on the bus meet the SBC 80/10 timing requirements. 
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4.3.4 INTERRUPT SOURCES 

There are six sources of interrupts on the SBC 80/10 board, two 
from the serial I/O section (see 3.5.4), two from the parallel I/O 
section (see 3.6), and two from external sources. One of the external 
sources is INTRl/. INTRl/ is connected to the SBC bus (Pl-42) and is 
the only interrupt line that other SBC modules can use to interrupt 
the SBC 80/10. The other external interrupt is EXT INTR0/. This 
Interrupt is connected to the parallel I/O connector Jl (pin 49) and 
can be used by an external device to interrupt the SBC 80/10. Both 
external interrupts are negative true logic, a TTL low (V < 0.4 volts) 
will cause the 8080 to interrupt and execute a RST 7 instruction. The 
processor can then read in the status registers of the possible inter- 
rupting devices to determine which device generated the interrupt. 
Then the processor can jump to the correct interrupt service routine, 
service that device, enable interrupts, and return. 

4.4 DEFAULT OPTIONS 

Table 4-24 lists the default options. jumpered on the SBC 80/10. 
These options permit the SBC 80/10 to communicate to a TTY; they also 
provide power-up reset, bus clock, and the communication clock to the 
system bus. If the SBC 80/10 is driving the bus clock (BCLK/) and/or 
the communications clock (CCLK/) , the system bus must be limited to 7 
inches. This limitation is due to the SBC 80/10's limited drive capa- 
bility on these clock lines. The system bus can be extended beyond 7 
inches if the user provides BCLK/ and CCLK/. 
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TABLE 4-24. DEFAULT OPTION 



DEFAULT 
JUMPERS 


REFERENCE 


DESCRIPTION 


1-2 


4.1.1 


Connect 8251 T D to 20 mA Current Loop Driver 


23 - 24 




Connect 8251 DTR/ to TTY Reader Control Circuit 


39 - 38 




Connect 8251 R D to 20 mA Current Loop Receiver 


4-8 


4.1.2 


Generates 6.98K Baud Rate Clock 


57 - 56 




Generates 6.98K Baud Rate Clock 


34 - 33 




Connect 8251 T Clock to Baud Rate Clock 


35 - 36 




Connect 8251 R Clock to Baud Rate Clock 


27 - 29 




Connect 8251 RTS/ to 8251 CTS/ 


19 - 20 


3.5.4 


Disable T RDY Interrupt from 8251 


16 - 15 


3.5.4 


Disable R RDY Interrupt from 8251 


26 - 25 


4.1.2 


Connect DTR/ Receiver to 8251 DSR/ Input 


30 - 31 


4.1.2 


Connect Set Clear to Send Driver to +12V 


40 - 41 


4.2.1 


Enable Port 1 Bi-directional Drivers to Output 


54 - 55 


4.3.1 


Connect Power-Up Reset to System Bus 


62 - 64 


4.3.2 


Connect 9.216 MHz Clock to Communication Clock Line 


61 - 63 


4.3.2 


Connect 9.216 MHz Clock to Bus Clock Line 


*65 - 66 


4.5 




*68 - 69 


4.5 


Configures SBC 80/lOA for 4K ROM/PROM 


*73 - 74 


4.5 




*76 - 78 


4.5 




*Used on 


SBC 80/lOA o 


nly. 
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4.5 JUMPER CONFIGURATION FOR ROM/EPROM INSTALLATION 

The SBC 80/lOA has jumpers which allow installation of up to 
4K or up to 8K bytes of read only memory. Up to AK bytes can be 
installed using Intel's 8708 Erasable and Electrically Reprogrammable 
ROMs (EPROM), Intel's 8308 Metal Masked ROMs, or Intel's 2758 Erasable 
and Electrically Reprogrammable ROMs (EPROM) . Up to 8K bytes can be 
installed using Intel's 2716 Erasable and Electrically Reprogrammable 
ROMs (EPROM) or Intel's 2316E Metal Masked ROMs. Table A-25 lists 
the jumper configurations for AK and 8K bytes of read only memory. 
Table 4-26 lists the addresses for each PROM socket in AK and 8K 
configurations . 

TABLE A-25. PROM JUMPER CONFIGURATION 



4K - 
8K 
*4K 


JUMPER 


65 - 66 

66 - 67 
66 - 67 


68 - 69 
69-70 

69 - 71 


73 - 74 

74 - 75 
73 - 74 


76 - 78 

77 - 78 
76 - 78 


*Using Intel's 2758 Erasable and Electrically Reprogram- 
mable ROMs (EPROM) 



TABLE 4-26. PROM ADDRESSES 



4K 
8K 


CHIP ADDRESS 


A23 


. A24 


A25 


A26 


- 3FF 
- 7FF 


400 - 7FF 
1000 - 17FF 


800 - BFF 
800 - FFF 


COO - FFF 
1800 - IFFF 
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CHAPTER 5 
SYSTEM INTERFACING 

The SBC-80/10, with its memory and I/O ports, is a complete com- 
puter on a single printed circuit board. However, the SBC-80/10 can 
also serve as a primary master module within an expanded system, com- 
municating with numerous memory and I/O modules. In this chapter we 
identify each of the SBC-80/10 's external connections and define all 
signals on the external system bus. 

5.1 ELECTRICAL CONNECTIONS 

The SBC-80/10 comes on a 12.00 X 6.75 inch printed circuit board, 
0.50 inch thick and weighing 12 oz. The DC power requirements are 
listed in Table 7-1. 

The SBC-80/10 has five edge connectors, as shown in Figure 5-1. 
Edge connectors at the top of the module are designed for compatibility 
with both flat cable and round cable hardware. All parallel I/O func- 
tions are paired with an independent signal ground pin. This allows 
flat cable implementation to utilize an alternate signal/ground scheme 
for reduction of cross talk. Round cables may easily be implemented 
as twisted pair with an individual ground pin for every return wire. 
The serial connection hardware has similar flexibility but ground 
return lines are not as extensive. The connector is wired for RS232C 
compatibility, thus, only one signal ground is provided. 
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CAUTION 



All pin numbers listed in the following tables 
refer to numbers printed on the board, not to 
mating connector pin positions. When specifying 
pin numbers for cable harnesses, use caution 
since pin numbering is not necessarily the same 
as the connector pin numbering scheme. 



The Parallel I/O Interface communicates with external I/O de- 
vices via two 50-pin double-sided PC edge connectors (Jl and J2) , 0.1 
inch centers. External devices can be attached to Jl or J2 using any 
of the following mating connectors: 

Jl and J2 Mating Connectors 



Connector Type 


Vendor 


Part No. 


Flat Cable 


3M 
AMP 


3415-0001 
2-86792-3 


Soldered 


AMP 

VIKING 

TI 


2-583715-3 

3VH25/1JV-5 

H312125 


Wire-wrap 


TI 

VIKING 
CDC 
ITT 


H 311125 
3VH25/1JND-5 
VPB01B25D00A1 
EC4A050A1A 


Crimp 


AMP 


1-583717-1 



Tables 5-1 and 5-2 provide pin lists for the Jl and J2 connectors, 

respectively. The following TTL line drivers and Intel terminators 

are all compatible with the I/O driver sockets in the Parallel I/O 

Interface: 
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Driver 


Characteristic 


Sink Current (ma) 


7438 


I,OC 


48 


7437 


I 


48 


7432 


NI 


16 


7426 


I,OC 


16 


7409 


NI,OC 


16 


7408 


NI 


16 


7403 


I,OC 


16 


7400 


I 


16 



Note: I = inverting; N.I. 
OC = open collector 



= non-inverting 



I/O Terminators: 

Terminators: 220fi/330n divider or 1 kfi pull up 



tKJl ♦B — — vVv*— — O OPTION 2 



SBC-901 
SBC -9 02 



See Appendix C for schematics 

TABLE 5-1. PIN ASSIGNMENTS FOR CONNECTOR Jl 

(Parallel I/O Interface - Group 1) 



PIN 


SIGNAL 


PIN 


SIGNAL 


1 


PORT 2 - BIT 3 


2 


GND 


3 


PORT 2 - BIT 2 


4 


A 


5 


PORT 2 - BIT 1 


6 






7 


PORT 2 - BIT 


8 






9 


PORT 2 - BIT 4 


10 






11 


PORT 2 - BIT 5 


12 






13 


PORT 2 - BIT 6 


14 






15 


PORT 2 - BIT 7 


16 






17 


PORT 3 - BIT 3 


18 






19 


PORT 3 - BIT 2 


20 






21 


PORT 3 - BIT 4 


22 






23 


PORT 3 - BIT 6 


24 






25 


PORT 3 - BIT 


26 






27 


PORT 3 - BIT 5 


28 






29 


PORT 3 - BIT 1 


30 






31 


PORT 3 - BIT 7 


32 






33 


PORT 1 - BIT 7 


34 






35 


PORT 1 - BIT 6 


36 






37 


PORT 1 - BIT 5 


38 






39 


PORT 1 - BIT 4 


40 






41 


PORT 1 - BIT 1 


42 






43 


PORT 1 - BIT 


44 






45 


PORT 1 - BIT 2 


46 






47 


PORT 1 - BIT 3 


48 


^ 


49 


EXT INTR 1/ 


50 


GND 
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\o 



/I 



CM 



o 

H 
O 



CM 



o 
o 



CM 



o 
o 

w 



1 

w 



o 

M 
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TABLE 5-2. PIN ASSIGNMENTS FOR CONNECTOR J2 

(Parallel I/O Interface - Group 2) 



PIN 


SIGNAL 


PIN 


SIGNAL 


1 


GND 


2 


GND 


3 


PORT 5 - BIT 3 


4 




5 


PORT 5 - BIT 


6 


i 


k 


7 


PORT 5 - BIT 1 


8 






9 


PORT 5 - BIT 2 


10 






11 


PORT 5 - BIT 4 


12 






13 


PORT 5 - BIT 5 


14 






15 


PORT 5 - BIT 6 


16 






17 


PORT 5 - BIT 7 


18 






19 


PORT 6 - BIT 3 


20 






21 


PORT 6 - BIT 2 


22 






23 


PORT 6 - BIT 1 


24 






25 


PORT 6 - BIT 


26 






27 


PORT 6 - BIT 4 


28 






29 


PORT 6 - BIT 5 


30 






31 


PORT 6 - BIT 6 


32 






33 


PORT 6 - BIT 7 


34 






35 


PORT 4 - BIT 7 


36 






37, 


PORT 4 - BIT 6 


38 






39 


PORT 4 - BIT 5 


40 






41 


PORT 4 - BIT 4 


42 






43 


PORT 4 - BIT 


44 






45 


PORT 4 - BIT 1 


46 






47 


PORT 4 - BIT 2 


48 


t 


49 


PORT 4 - BIT 3 


50 


GND 



The Serial I/O Interface communicates with an external I/O device 
via a 26-pin double-sided PC edge connector (J3) , 0.1 inch centers. 
An external device can be connected to J3 using a 3M 3462-0001 flat 
cable connector or one of the following soldered connectors: 
TI H312113 or AMP 1-583715-1. Table 5-3 provides a pin list for 
connector J3. 

The SBC-BO/ 10 conmiunicates with other system modules via an 86- 
pin double-sided edge connector (PI), 0.156 inch centers. This 
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edge connector will accept any of the following mating connectors: 
CDC VPBO1E43AO00A1, Micro Plastics MP-0156-43-BW-4 or ARCO AE 443WP1. 
Section 5.2 defines each of the external system bus signals and in- 
cludes a pin list for PI (Table 5-5). 



TABLE 5-3. PIN ASSIGNMENTS FOR CONNECTOR J3 
(Serial I/O Interface) 



PIN 


SIGNAL NAME 


PIN 


SIGNAL NAME 


1 


CHASSIS GND 


2 




3 


TMNSMITTED DATA 


4 




5 


RECEIVED DATA 


6 


TTY RD CONTROL 


7 


REQ TO SEND 


8 




9 


CIJ;AR to SEND 


10 




11 


DATA SET READY 


12 




13 


GND 


14 


Tx CLK/DATA TERMINAL RDY 


15 


DATA CARRIER RETURN 


16 


TTY RD CONTROL RETURN 


17 




18 




19 




20 




21 




22 


RECEIVE CLK/Tl'Y Rx DATA 


23 


TIY Rx DATA 




RETURN 


25 


TTY Tx DATA 


24 


TTY Tx DATA RETURN 






26 GND 1 



The 60-pin double-sided edge connector labeled P2 in Figure 5-1 
allows access to various test points on the SBC-80/10 (see Table 5-4), 

The followirg wire-wrap connectors will attach to P2: 

CDC VPli01B30A00A2, 
TI H311130 and 
AMP PES- 14559 
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TABLE 5-4. PIN ASSIGNMENTS FOR CONNECTOR P2 
(Auxilliary Connector) 



SIGNAL NAME 


PIN 
ASSIGNMENT 


COMMENT 


CSC 


P2 - 28 


TEST POINT 


RAM 3C00 ENABLE/ 


P2 - 30 


1 k 


RAM 3D00 ENABLE/ 


P2 - 32 






RAM 3E00 ENABLE/ 


P2 - 34 






RAM 3F00 ENABLE/ 


P2 - 36 






CSC INH/ 


P2 - 40 






DATA BUS INH/ 


P3 - 42 






BAUD RATE CLK TTY 


P2 - 44 






COUNT 1 ENABLE 1 


P2 - 46 






BAUD RATE CLK 


P2 - 50 






COUNT 2 ENABLE/ 


P2 - 52 






TIME OUT ENABLE/ 


P2 - 54 






B & C CLK SET/ 


P2 - 55 






STATUS STROBE 


P2 - 56 






RDY IN INH/ 


P2 - 57 






BAUD RATE CLEAR/ 


P2 - 58 


t 


OSC/2 


P2 - 60 


TEST POINT 



5.2 EXTERNAL SBC 80/10 SYSTEM BUS SUMMARY 

A significant measure of the SBC-80/lO's power and flexibility 
can be attributed to its external system bus. In expanded systems, 
the external bus structure allows for master-slave relationships be- 
tween the various system modules. The bus includes its own clock 
(BCLK/) which is derived independently from the processor clock. 
Actual transfers via the bus, however, proceed asynchronously with 
respect to the bus clock. Thus, the transfer speed is dependent on 
the transmitting and receiving devices only. Once a module has gained 
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control of the bus by activating the BPRN input to the SBC-80/10, 
single or multiple read/write transfers can proceed at a maximum 
rate of 5 million data bytes per second. The 16 system address 
lines allow the SBC-80/10 to support up to 65,536 bytes of storage. 
The signal lines on the external system bus are defined as follows: 



BCLK/ 



INIT/ 



BPRN 



BUSY/ 



MRDC/ 



Bus clock ; used to sjmchronize bus control cir- 
cuits on all master modules. BCLK/ has a period 
of "^110 nanoseconds (9.216 MHz frequency), 

30% - 70% duty cycle. BCLK/ may be slowed, stopped 

or single stepped, if desired (see Section 4.4). 

Initialization signal ; resets the entire system to 

a known internal state. 

Bus priority input signal ; indicates to the SBC-80/10 

that a higher priority master module is requesting 

use of the system bus. BPRN suspends the processing 

activity and drivers of the SBC-80/10. 

Bus busy signal ; indicates that the bus is currently 

in use. BUSY/ prevents all other master modules from 

gaining control of the bus. BUSY/ is driven by the 

HLDA/ output from the SBC-80/10 in response to a BPRN 

input. It indicates that the bus is available. 

Memory read command ; indicates that the address of 

a memory location has been placed on the system address 

lines and specifies that the contents of the addressed 

location are to be read and placed on the system data bus. 
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MWTC/ 



I ORG/ 



I owe/ 



XACK/ 



AACIV 



Memory write command; indicates that the address of 

a memory location has been placed on the system 

address lines and that a data word has been placed 

on the system data bus. MWTC/ specifies that the 

data word is to be written into the addressed memory 

location. 

I/O read command; indicates that the address of 

an input port has been placed on the system address 

bus and that the data at that input port is to be 

read and placed on the system data bus. 

I/O write command; indicates that the address of 

an output port has been placed on the system address 

bus and that the contents of the system data bus are 

to be output to the addressed port. 

Transfer acknowledge signal ; the required response 

of an external memory location or I/O port which 

indicates that the specified read/write operation 

has been completed. That is, data has been placed 

on, or accepted from, the system data bus lines. 

Advance acknowledge signal ; used with 8080 CPU- 
based systems. AACK/ is an advance acknowledge, 
in response to a memory read command, that allows 
the memory to complete the access without requiring 
the CPU to wait. 
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TABLE 5-5. PIN ASSIGNMENTS FOR CONNECTOR PI 
(External System Bus) 





(COMPONENT SIDE) 


(CIRCUIT SIDE) 




PIN 


MNEMONIC 


DESCRIPTION 


PIN 


MNEMONIC 


DESCRIPTION 




1 


GND 


Signal GND 


2 


GND 


Signal GND 




3 


VCC 


+ 5VDC 


4 


VCC 


+ 5VDC 


POWER 


5 


VCC 


+ 5VDC 


6 


VCC 


+ 5VDC 


SUPPLIES 


7 


VDD 


+12VDC 


8 


VDD 


+12VDC 




9 


VBB 


- 5VDC 


10 


VBB 


- 5VDC 




11 


GND 


Signal GND 


12 


GND 


Signal GND 




13 


BCLK/ 


Bus Clock 


14 


INIT/ 


Initialize 




15 


BPRN 


Bus Pri. In 


16 


D> 




BUS 


17 


BUSY/ 


Bus Busy 


18 


[i> 




CONTROLS 


19 


MRDC/ 


Mem Read Cmd 


20 


MWTC/ 


Mem Write Cmd 


■ 


21 


lORC/ 


I/O Read Cmd 


22 


lOWC/ 


I/O Write Cmd 




23 


XACK/ 


XFER Acknow 


24 


[J> 






25 


AACK/ 


Special 


26 








27 






28 






SPARES 


29 






30 








31 


CCLK/ 


Constant Clock 


32 








33 


a> 




34 








35 


!i> 




36 


D> 




WTERRUPTS 


37 
39 






38 
40 


5> 






41 


s> 




42 


INTRl/ 


Interrupt request 




43 


ADRE/ 




44 


ADRE/ 






45 


ADRC/ 




46 


ADRD/ 






47 


ADRA/ 


Address 


48 


ADRB/ 


Address 


ADDRESS 


49 


ADR8/ 


Bus 


50 


ADR9/ 


Bus 




51 


ADR6/ 




52 


ADR7/ 




■ 


53 


ADR4/ 




54 


ADR5/ 






55 


ADR2/ 




56 


ADR3/ 






57 


ADRO/ 




58 


ADRl/ 






59 


[J> 




60 


Q> 






61 


!i> 




62 


D> 




DATA 


63 


0> 




64 


Ii> 






65 


[X> 




66 


Ii> 






67 


DAT6/ 




68 


DAT7/ 






69 


DAT4/ 


Data Bus 


70 


DAT5/ 


Data Bus 




71 


DAT2/ 




72 


DAT3/ 






73 


DATO/ 




74 


DATl/ 






75 


GND 


Signal GND 


76 


GND 


Signal GND 




77 


vbbB^ 


-lOVDC 


78 


vbbB^ 


-lOVDC 


POWER 


79 


VAA 


-12VDC 


80 


VAA 


-12VDC 


KJPPLIES 


81 


VCC 


+ 5VDC 


82 


VCC 


+ 5VDC 


83 


VCC 


+ 5VDC 


84 


VCC 


+ 5VDC 




85 


GND 


Signal GND 


86 


GND 


Signal GND 



[r> 



Used by Intellec® MDS Bus. 
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CCLK/ 



INTRl/ 
ADRO/-ADRF/ 



DAT0/-DAT7/ 



Constant clock; provides a clock signal of constant 

frequency (9.216 MHz) for use by option memory 
and I/O expansion boards. CCLK/ coincides with 

BCLK/ and has a period of -110 nanoseconds. 

30^-7015^ duty cycle (see Section 4.4). 

Externally generated interrupt request. 

16 Address lines: used to transmit the address of 

the memory location or I/O port to be accessed, 

ADRF/ is the most significant bit. 

Bi-directional data lines; used to transmit/receive 

information to/from a memory location or I/O port. 

DAT?/ is the most significant bit. 



5.3 RS232C CABLING 

When the Serial I/O Interface is configured as an RS232C inter- 
face, the J3 edge connector can be cabled such that a RS232C pin- 
compatible connector is presented to the user's terminal or modem. 
A 26-pin mating connector, 3M 3462-0001, should be attached to the 
J3 edge connector on the SBC-80/10 and to a 25-wire flat cable, 
3M 3349/25. The flat cable is, in turn, attached to the RS232C pin- 
compatible connector, 3M 3483-1000. Table 5-6 equates the J3 edge 
connector pins with the associated RS232-compatible pins on the 
3M 3483-1000 connector. 

Note: Using this 3M cable assemble, the RS232C connector pin-outs 
are MDS compatible. That is, if the SBC 80/10 is set up to drive a 
TTY, an MDS modified TTY can be used directly with the SBC 80/10. 
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TABLE 5-6. J3/RS232C CONNECTOR PIN CORRESPONDENCE 





J3 CONNECTOR 


RS232C CONNECTOR 


SIGNAL NAME 


PIN NO. 


PIN NO. 


CHASSIS GND 


1 


1 




2 


14 


TRANSMITTED DATA 


3 


2 




4 


15 


RECEIVED DATA 


5 


3 


TTY RD CONTROL 


6 


16 


REQ TO SEND 


7 


4 




8 


17 


CLEAR TO SEND 


9 


5 




10 


18 


DATA SET READY 


11 


6 




12 


19 


GND 


13 


7 


Tx CLK/DATA TERMINAL RDY 


14 


20 


DATA CARRIER RETURN 


15 


8 


TTY RD CONTROL RETURN 


16 


21 




17 


9 




18 


22 




19 


10 




20 


23 




21 


11 


RECEIVE CLK/TTY Rx DATA 


22 


24 


RETURN 






TTY Rx DATA 


23 


12 


TTY Tx DATA RETURl^ 


24 


25 


TTY Tx DATA 


25 


13 
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5.4 TELETYPE MODIFICATIONS 

The ASR-33 Teletypewriter must be modified for use with the SBC 
80/10 Boards. Appendix B is a procedure for modifying the ASR-33 
Teletypewriter . 
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CHAPTER 6 
INTERFACING TO MULTIBUS MASTERS 

The SBC 80/10 's system bus structure permits Interfacing to one 
other Multibus-Compatible Master module. This interface is accomplished 
using the serial priority scheme as shown in figure 6-1 using the 
Intel SBC 604 Cardcage/Backplane. The SBC 80/10 does not provide the 
Bus Priority Request Out (BPRO/) signal and therefore, the SBC 80/10 
can only be used with one other Multibus master. For these configura- 
tions, the SBC 80/10 must always have lower priority than the other 
Multibus master and a wire must be added from the master's BREQ/ pin 
(pin 18) to the SBC 80/10 BPRN pin (pin 15). In the configuration 
shown in figure 6-1 the SBC 80/10 acquires control of the Multibus 
whenever BREQ/ generated by the Diskette Controller is in the high 
state. This occurs whenever the Diskette Controller is not using the 
Multibus. Similarly BREQ/ is driven to the low state when the Diskette 
Controller acquires control of the Multibus disabling the SBC 80/10 
from accessing the Multibus. 

For a detailed description of Multibus interfacing refer to the 
Intel Multibus Interfacing Application Note (AP-28) . 
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HIGHEST 

PRIORITY 

J4 



SBC 

202 

DISKETTE 

CONTROLLER 



T 



LOWEST 

PRIORITY 

J5 



SBC 

80/10 

MICRO 

COMPUTER 



BPRN 




USER INSTALLED BACKPLANE JUMPER 



Figure 6-1. Serial Priority Configuration with 
another Multibus Master 
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CHAPTER 7 
SPECIFICATIONS 

7.1 DC POWER REQUIREMENTS 

DC Power Requirements are given in Table 7-1. 

7.2 AC CHARACTERISTICS 

Detailed timing diagrams for memory, I/O and Bus exchange operations 
are provided in Figures 7-1 through 7-3. Tables 7-3 and 7-4 provide de- 
sign limits for SBC-80/10 outputs and requirements for its inputs. These 
values are theoretical limits based on a "worst-on-worst" case analysis 
using vendor information and approximations where necessary. Approxima- 
tions include establishing non-zero propagation delay minimums and exten- 
ded delays if capacitive loading exceeds vendor ratings. In all such 
cases, approximations are conservative (e.g., 2 ns minimum for standard 
TTL, 4 ns minimum for tri-state turn-offs or turn-ons) . Rise and fall 
times are assumed to be zero unless a three-state high impedance state 
or open collector circuit is involved. 

7.3 DC CHARACTERISTICS 

DC Characteristics are given in Table 7-4. 

7.4 ENVIRONMENT 

Temperature extremes can cause instability, or result in permanent 
damage to the circuits on the module. Ambient temperature must, there- 
fore, be maintained within the limits of C to 55 C. Exercise caution 
in locating the module, giving particular attention to radiant and con- 
ducive sources of heat. Remember that the module itself, when installed. 
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will contribute some heat to the environment. Maintain an adequate 
clearance to permit the convective dissipation of heat from the elements 
on the card. 

Relative humidity should not exceed 90%, non-condensing. 

7.5 BOARD OUTLINE 
See Figure 7-4. 

7.6 COMPATIBLE CONNECTORS 

Table 7-5 lists compatible connectors which mate to the SBC-80/10 
and SBC 80/lOA PC edge connectors. 

TABLE 7-1. DC POWER REQUIREMENTS 







Without 


With 8708 


With 2758 or 






EPROM^ 


EPROM^ 


2716 EPROM^ 


^CC 


+5V ± 5% 


^CC = 2.9A 


4.0A 


4.36A 


^DD 


+12 V ±5% 


Sd = ^50mA 


400mA 


150.mA 


^BB 


-5V ± 5% 


Sb= 2mA^ 


200mA 


2mA'* 


V 


-12V ±5% 


I^ = 175b^ 


175mA 


175mA 


. 1. 


Does not include power required for optional ROM/EPROM, 




I/O drivers or I/O terminators . 


2. 


With four Intel 8708 EPROMs and 220J^/330J^ terminators 




installed for 48 input lines; all terminator inputs low.- 


3. . 


With four Intel 2758 or 2716 EPROMs and 220fi/330f^ ter- 




minators installed for 48 input ports; all terminator 




inputs low. 


4. 


Required for RS232C drivers. 
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TABLE 7-2. AC CHARACTERISTICS WITH BUS EXCHANGE 



^4 
I 



PARAMETER 


OVERALL 


. , , 

WITH BUS 


EXCHANGE 


DESCRIPTION 


REMARKS 


READ 


MEMORY 


WRITE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




(ns) 


(ns) 


(ns) 


(ns) 


(ns) 


(ns) 






'"AS 


82 




82 




658 




Address Setup Time to Command 




AH 


61 









61 




Address Hold Time 




'ds 


140 




— 




140 




Data Setup Time to Command 




'dh 


61 









61 




Data Hold Time 








68 


191 






First ACK Sampling Point of 


Generates Wait States 


ACK(3 














Current Cycle 










551 


684 


-60 


132 


Second ACK Sampling Point of 


Generates 1 Wait State 


ACKl 














Current Cycle 










1034 


1174 


423 


625 


Third ACK Sampling Point of 


Generates 2 Wait States 


ACK2 














Current Cycle 




CY 


483 


493 










ACK & BPRN Sample Cycle Time 




'wc 






596 


796 


1412 


1516 


Command Width 


Read, Wait States 
Write, 2 Wait States 


'^ACC 








344 






Read Access Time 


P 


'SKD 








68 




-60 


Advanced ACK Response Time for. 
















Minimum Delay 


e> 


'SKO 





100 





100 





100 


Advanced ACK Turn Off Delay 


> 


'^XKD 
















XACK Delay From Valid Data or Write 




'XKO 





100 





100 





100 


XACK Turn Off Delay 




Sbs 




3500 










Bus Sample to Exchange Initiation 


^ Assume HOLD/ becomes 
active prior to 
DAD instruction 


'^BS 





493 










BPRN Sampling Point Delay 




*^DBY 


358 


700 










Bus Busy Turn On Delay 





1^ Memory and I/O access occurs with no wait states. 



TABLE 7-3. AC CHARACTERISTICS WITH CONTINUOUS BUS CONTROL 






PARAMETER 


OVERALL 


CONTINUOUS 


BUS CONTROL 


DESCRIPTION 


REMARKS 


READ 


MEMORY 


WRITE 


MIN 
(ns) 


MAX 
(ns) 


MIN 
(ns) 


MAX 
(ns) 


MIN 
(ns) 


MAX 
(ns) 


'as 


82 




82 




658 




Address Setup Time to Command 




AH 


79 









79 




Address Hold Time 




DS 


lAO 




- 




lAO 




Data Setup Time to Command 




DH 


79 









79 




Data Hold Time 




'aCK0 






68 


191 






First ACK Sampling Point of 
Current Cycle 


Generates Wait States 


Wl 






551 


68A 


-60 


132 


Sec^.id ACK Sampling Point of 
Current Cycle 


Generates 1 Wait State 


'ACK2 






103A 


1177 


A23 


625 


Third ACK Sampling Point of 
Current Cycle 


Generates 2 Wait States 


*^CY 


483 


493 










ACK & BPRN Sample Cycle Time 




*^SEP 


259 




613 




259 


^ 


Command Separation 




'wc 






596 


796 


1A12 


1516 


Command. Width 


Read, Wait States 
Write, 2 Wait States 


*^ACC 


3AA 






3AA 






Read Access Time 


1> 


•^SKD 








68 




-60 


Advanced ACK Response Time for 
Minimum Delay 


P 


*^8K0 





100 





100 





100 


Advanced ACK Turn Off Delay 




''XKD 
















XACK Delay From Valid Data or Write 




*^XKO 





100 





100 





100 


XACK Turn Off Delay 




•^BCY 


107 


110 










Bus Clock Cycle Time 


80/10 Generator 


'bw 


25 


85 










Bus Clock Low or High Periods 


80/10 Generator 


"^INT 


3000 












Initialization Width 


After all voltages have 
stabilized 



^ MAX assumes no acknowledge delays. 

^ Write Command to next Read Command separation. 



TABLE 7-4. DC CHARACTERISTICS 







PARAMETER 


TEST 








SIGNALS 


STOBOL 


DESCRIPTION 


CONDITIONS 


MIN 


MAX 


UNITS 


ADR0/-ADRF/ 


^OL 


Output Low Voltage 


^OL = 50 mA 




0.6 


V 


ADDRESS 


%H 


Output High Voltage 


loH = -1° ^ 


2.4 




V 




^IL 


Input Low Voltage 






0.95 


V 




^IH 


Input High Voltage 




2.0 




V 




^IL 


Input Current at Low V 


^N = °-^5 




-0.25 


mA 




hn 


Input Current at High V 


^IN = 5-25V 




10 


UA 




*^L 


Capacltive Load 






18 


PF 


MROC/,MWTC/ 


^OL 


Output Low Voltage 


IqL = 32 tnA 




0.4 


V 


lORC/.IOWC/ 


^OH 


Output High Voltage 


^OH = "S-^ ^ 


2.4 




V 




^LH 


Output Leakage High 


\ =2.« 




40 


VIA 




^LL 


Output Leakage Low 


Vq =0.4 




-40 


UA 




*^L 


Capacltive Load 






15 


pF 


DAT0/-DAT7/ 


^OL 


Output Low Voltage 


loL ^ 50 mA 




0.6 


V 




^OH 


Output High Voltage 


loH = -^° ^ 


2.4 




V 




^IL 


Input Low Voltage 






0.95 


V 




^IH 


Input High Voltage 




2.0 




V 




^IL 


Input Current at Low V 


Vj, = 0.«5 




-0.25 


mA 




^LH 


Output Leakage High 


Vq = 5.25 




100 


PA 




^LL 


Output Leakage Low 


Vp «= 0.«5 




100 


pA 




*^L 


Capacitive Load 






18 


pF 


INTl/ 


^IL 


Input Low Voltage 






0.8 


V 




^IH 


Input High Voltage 




2.0 




V 




^IL 


Input Current at Low V 


^IN = °-^V 




-2.2 


mA 




^IH 


Input Current at High V 


^IN = 5.5V 




1 


mA 




*Cl 


Capacitive Load 






18 


pF 


BPKK.XACK 


^IL 


Input Low Voltage 






0.8 


V 


AACK 


^IH 


Input High Voltage 




2.0 




V 




^IL 


Input Current at Low V 


^IN = °-5 




-2.6 


mA 




^IH 


Input Current at High V 


^IN=2.7V 




0.30 


mA 




*^L 


Capacltive Load 






18 


pF 


BUSY/ 


^OL 


Output Low Voltage 


^OL = 25 mA 




0.4 


V 


OPEN COLLECTOR 


*^L 


Capacitive Load 






20 


pF 


INT 


%L 


Output Lov7 Voltage 


IqL = 32 mA 




0.6 


V 


(SYSTEM RESET) 


^OH 


Output High Voltage 


OPEN COLLECTOR 










^IL 


Input Low Voltage 






0.7 


V 




^IH 


Input High Voltage 




2.0 




V 




^IH 


Input Current at Higli V 


V =55 
IN ^'^ 




0.2 


mA 




^IL 


Input Current at Low V 


^IN = °-3 




-0.9 


mA 




*^L 


Capacitive Load 






38 


pF 


BCLK/ + CCLK/ 


^OL 


Output Low Voltage 


IqL = 20 mA 




0.5 


V 




V 
OH 


Output High Voltage 


^OH = -1 ^ 


2.7 




V 




*^L 


Capacitive Load 






18 


pF 



*Cap^ 'tive values are approximations only. 
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TABLE 7-4. DC CHARACTERISTICS (Continued) 







PARAMETER 


TEST 








SIGNALS 


SYMBOL 


DESCRIPTION 


CONDITIONS 


MIN 


MAX 


UNITS 


EXT INTR0/ 


^IL 


Input Low Voltage 






0.8 


V 




V 
^IH 


Input High Voltage 




2.0 




V 




^IL 


Input Current at Low V 


^IN ■ °-^^ 


6.8 




mA 




^IH 


Input Current at High V 


^N ■ 5-5V 




2 


mA 




^'^L 


Capacitive Load 






18 


pF 


PORT E4 


V 


Output Low Voltage 


^OL ■ 20 ^ 




.45 


V 


BIDIRECTIONAL 


^OH 


Output High Voltage 


I,„ - -12 n:A 


2.4 




V 


DRIVERS 


^IL 


Input Low Voltage 






.95 


V 




^IH 


Input High Voltage 




2.0 




V 




^IL 


Input Current at Low V 


^IN - 0-^5 




-5.25 


mA 




^LH 


Output Leakage High 


Vq -5.25 




.30 


mA 




^'^L 


Capacitive Load 






18 


pF 


8255 


^OL 


Output Low Voltage 


IqL " '■' ^ 




.45 


V 


DRIVER/ 


^OH 


Output High Voltage 


I - -50 UA 


2.4 


., 


V 


RECEIVER 




Input Low Voltage 


\jn 




.8 


V 




"m 


Input High Voltage 




2.0 




V 




hL 


Input Current at Low V 


^IN ■ °-« 




10 


HA 




hH 


Input Current at High V 


^IN - 5.0 




10 


HA 




*\ 


Capacitive Load 






18 


pF 



*Capacitive values are approximations only. 
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TABLE 7-5. COMPATIBLE CONNECTOR HARDWARE 



FUNCTION 


# OF PINS 


CENTERS 
(inches) 


CONNECTOR 
TYPE 


VENDOR 


VENDOR PART # 


INTEL PART // 


PARALLEL I/O 


25/50 


0.1 


FLAT CRIMP 
f 


3M 

3M 

AMP 

ANSLEY 

SAE 


3415-0000 WITH EARS 

3415-0001 W/0 EARS 

88083-1 

609-5015 

SD6750 SERIES 


SBC- 955 
(CABLE ASSY.) 


SERIAL I/O 


13/26 


0.1 


FLAT CRIMP 


3M 

AHP 

ANSLEY 

SAE 


3462-0001 CRIMP 
88106-1 
609-2615 
SD6726 SERIES 


SBC-956 
(CABLE ASSY.) 


PARALLEL I/O 


25/50 


0.1 


SOLDERED 


AMP 

VIKING 

TI 


2-583485-6 
3VH25/1JV5 
H312125 


N/A 


SERIAL I/O 


13/26 


0.1 


SOLDERED 


TI 
AMP 


H312113 
1-583485-5 


N/A 


AUXILIARY 


30/60 


0.1 


SOLDERED 
t 


VIKING 
TI 


3VH30/1JN5 
H312130 


N/A 


BUS 


43/86 


0.156 


SOLDERED 
1 


CDC 

MICRO PLASTICS 

ARCO 

VIKING 


VPB01E43D00A1 ^ 
MP-0156-43-BW-4 
AE443WP1 LESS EARS 
2VH43/1'V5 


N/A 


> 
PARALLEL I/O 


25/50 


0.1 


WIREWBAP 


TI 

VIKING 

CDC 

ITT CANNON 


H311125 
3VH25/1JND5 
VPB01B25DOOA1 P 
EC4A050A1A 


N/A 


SERIAL I/O^ 


13/26 


0.1 


WIREWRAP 


TI 


H311113 


N/A 


AUXILIARY^ 


30/60 


0.1 


WIREWRAP 


CDC 
TI 


VPBO1B3OA0OA2 ^ 
H311130 


MDS-980 


BUS 


43/86 


0.156 


WIREWRAP 


CDC 

CDC 

VIKING 


VFB01E43D00A1 or ^ 

VPB01E43A0OA1 

2VH43/1AND5 


MDS-985 


SBC 201 
SBC 501 
SBC 508 
SBC 905, etc. 


50/100 


0.1 


SOLDER TAIL 


VIKING 


3VH50/1JN5 


MDS-990 


SOLDER PAK 
(RAYCHQI) 


CDC 


VPB04B50E00A1E ^ 


N/A 



(f> Connector heights are not guaranteed to conform to OEM packaging equipment. 
Intel OEM and Intellec Development System motherboards offer complete 
mechanical compatibility. 

^ WirewTap pin lengths are not guaranteed to conform to OEM packaging equipment. 
Intel connectors and OEM and Intellec®Development System motherboards offer 
complete mechanical compatibility. 

^ CDC VPBOl .... VPB02 .... VPB04 .... etc. are identical connectors with 
different electroplating thicknesses or metal surfaces. 

NOTE: See next page for vendor addresses, telephone numbers and TWX numbers. 
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VENDORS ADDRESSES 

The following information is for our customers' convenience only. 
Intel does not represent these vendors, guarantee availability nor 
continued quality of their products. 



CDC CONNECTOR DIVISION 
31829 W. LaTienda Drive 
Westlake Village, CA 91361 

213-889-3535 
TWX 910-494-1224 



T & B/ANSLEY 

Subsidiary of Thomas & Betts Corporation 

3208 Humbolt Street 

Los Angeles, CA 90031 

213-223-2331 
TWX 910-321-3938 



VIKING INDUSTRIES, INC. 
21001 Nordhoff Street 
Chatsworth, CA 91311 

213-341-4330 
TWX 910-494-2094 



STANFORD APPLIED ENGINEERING, INC. (SAE) 
340 Martin Avenue 
Santa Clara, CA 95050 

408-243-9200 
TWX 910-338-0132 



Connector Systems 
TEXAS INSTRUMENTS, INC. 
34 Forest Street 
Attleboro, MA 02703 

617-222-2800 



AMP Incorporated 
P.O. Box 3608 
Harrlsburg, PA 17105 

717-564-0100 
TWX 510-657-4110 



3M Connectors 

Electronic Products Division, Bldg. 223-4E 

3M COMPANY 

3M Center 

St. Paul, MN 55101 

612-733-1110 
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ADDRESS/ 
(From 80/10) 

DATA 
(To 80/10) 
COMMAND/ 
(From 80/10) 

XACK & AACK 
SAMPLING 

POINTS 

AACK/ 
(To 80/10) 



XACK/ 

(To 80/10) 



■ADDRESS STABLE- 



«* 



ACC 



-«> 



^AS 



'8KD' 



ACK0 



WC 



<«-DATA STABLE -«* 



-»»•■«*- 



t 



AH 



K-*^8K0 
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APPENDIX A 
SCHEMATICS 



Schematic drawings for the SBC-80/80 and SBC 80/lOA are provided 
in this appendix. Information and diagrams in this section are 
subject to change without notice. References should be made to 
schematics shipped with this module. 
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APPENDIX B 
TELETYPEWRITER MODIFICATIONS 



B-1. INTRODUCTION 

This appendix provides information required to modify a 
Model ASR-33 Teletypewriter for use witli certain Intel 
SBC 80 computer systems. 



B-2. INTERNAL MODIFICATIONS 



/WARNING/ 



Hazardous voltages are exposed when the top 
cover of the teletypewriter- is removed. To pre- 
vent accidental shock, disconnect the teleprinter 
power cord before proceeding beyond this 
point. 

Remove the top cover and modify the teletypewriter as 
follows: 

a. Remove blue lead from 750-ohm tap on current 
source register; reconnect this lead to 1450-ohm tap. 
(Refer to figures B-1 and B-2.) 

b. On terminal block, change two wires as follows to 
create an internal fuU-duplcx loop (refer to figures B-1 
and B-3): 

1. Remove brown/yellow lead from terminal 3; re- 
connect this lead to terminal 5. 

2. Remove white/blue lead from terminal 4; recon- 
nect this lead to terminal 5. 

c. On terminal block, remove violet lead from terminal 
8; reconnect this lead to terminal 9. This changes the 
receiver current level from 60 mA to 20 mA. 

A relay circuit card must be fabricated and connected to 
the paper tape reader drive circuit. The relay circuit card 
to be fabricated requires a relay, a diode, a thyractor, a 
small 'vector' board for mounting the components, and 
suitable hardware for mounting the assembled relay card. 

A circuit diagram of the relay circuit card is included in 
figure B-4; this diagram also includes the part numbers 
of the relay, diode, and thyractor. (Note that a 470-ohm 
resistor and a 0.1 /iF capacitor may be substituted for 
the thyractor.) After the relay circuit card has been 



assembled, mount it in position as shown in figure B-5. 
Secure the card to the base plate using two self-tapping 
screws. Connect the relay circuit to the distributor trip 
magnet and mode switch as follows: 



a. Refer to figure B-4 and connect a wire (Wire 'A') 
from relay circuit card to terminal L2 on mode 
switch. (See figure B-6.) 

b. Disconnect brown wire shown in figure B-7 from 
plastic connector. Connect this brown wire to termi- 
nal L2 on mode switch. (Brown wire will have to be 
extended.) 

c. Refer to figure B-4 and connect a wire (Wire 'B') 
from relay circuit board to terminal LI on mode 
switch. 



B-3. EXTERNAL CONNECTIONS 

Connect a two-wire receive loop, a two-wire send loop, 
and a two-wire tape reader control loop to the external 
device as shown in Ugw^e B-4. The external coi.nector pin 
numbers shown in figure B-4 are for interface with an 
RS232C device. 



B-4. SBC 530 TTY ADAPTER 

The SBC 530, which converts RS232C signal levels to an 
optically isolated 20 mA current loop interface, pro- 
vides signal translation for transmitted data, received 
data, and a paper tape reader relay. The SBC 530 inter- 
faces an Intel SBC 80 computer system to a teletype- 
writer as shown in figure B-8. 

The SBC 530 requires +12V at 98 mA and -12V at 98 
mA. An auxiliary supply must be used if the SBC 80 
system does not supply this power. A schematic diagram 
of the SBC 530 is supplied with the unit. The following 
auxiliary power connector (or equivalent) must be pro- 
cured by the user: 

Connector, Molex 09-50-7071 
Pins, Molex 08-50-0106 
Polarizing Key, Molex 15-04-0219 
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Figure B-3. Terminal Block 
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Figure B-6. Mode Switch 
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Figure B-7. Distributor Trip Magnet 
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APPENDIX C 

8080 INSTRUCTION SET SUMMARY 



A computer, no matter how sophisticated, can 
only do what it is "told" to do. One "tells" the 
computer what to do via a series of coded instruc- 
tions referred to as a Program. The realm of the 
programmer is referred to as Software, in contrast 
to the Hardware that comprises the actual com- 
puter equipment. A computer's software refers to 
all of the programs that have been written for that 
computer. 

When a computer is designed, the engineers provide 
the Central Processing Unit (CPU) with the ability 
to perform a particular set of operations. The CPU 
is designed such that a specific operation is per- 
formed when the CPU control logic decodes a par- 
ticular instruction. Con.sequently, the operations 
that can be performed by a CPU define the com- 
puter's Instruction Set. 

Each computer instruction allows the programmer 
to initiate the performance of a specific operation. 
All computers implement certain arithmetic opera- 
tions in their instruction set, such as an instruction 
to add the contents of two registers. Often logical 
operations (e.g., OR the contents of two registers) 
and register operate instructions (e.g., increment a 
register) are included in the instruction set. A com- 
puter's instruction set will also have instructions 
that move data between registers, between a regis- 
ter and memory, and between register and an I/O 
device. Most instruction sets also provide Condi- 
tional Instructions. A conditional instruction speci- 
fies an operation to be performed only if certain 
conditions have been met; for example, jump to a 
particular instruction if the result of the last opera- 
tion was zero. Conditional instructions provide a 
program with a decision-making capability. 

By logically organizing a sequence of instructions 
into a coherent program, the progranimer can 
"tell" the computer to perform a very specific and 
useful function. 

The computer, however, can only execute pro- 
grams whose instructions are in a binary coded 



form (i.e., a series of I's and O's), that is called 
Machine Code. Because it would bo exlremely 
cumbersome to program in machine code, pro- 
gramming languages have been developed. There 
are programs available which convert the pro- 
gramming language instruclions into maciiine code 
that can be interpreted by the processor. 

One type of programming language is Assembly 
Language. A unique assembly language nmcmonic 
is assigned to each of the computer's instructions. 
The programmer can write a program (called the 
Source Program) using these mnemonics and cer- 
tain operands; the source program is then con- 
verted into machine instructions (called the Object 
Code). Each assembly language instructions is con- 
verted into one machine code instruction (1 or 
more bytes) by an Assembler program. Assembly 
languages are usually machine dependent (i.e., they 
are usually able to run on only one type of com- 
puter). 



THE 8080 INSTRUCTION SET 

The 8080 instruction set includes five different 
types of instructions: 

• Data Transfer Group — move data between 
registers or between memory and registers. 

• Arithmetic Group — add, subtract, increment 
or decrement data in registers or in memory. 

• Logical Group - AND, OR, EXCLUSIVE- 
OR, compare, rotate or complement data in 
registers or in memory. 

• Branch Group — conditional and uncondi- 
tional jump instructions, subroutine call in- 
structions and return instructions. 

• Stack, I/O and Machine Control Group — in- 
cludes I/O instructions, as well as instructions 
for maintaining the stack and internal control 
flags. 
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Instruction and Data Formats 



Addressing Modes 



Memory for the 8080 is organized into 8-bit quan- 
ities, called Bytes. Eacli byte lias a unique 16-bit 
"Dinary address corresponding to its sequential posi- 
tion in memory. 

The 8080 can directly address up to 65,536 bytes 
of memory, which may consist of both read-only 
memory (ROM) elements and random-access mem- 
ory (RAM) elements (read/write memory). 

Data in the 8080 is stored in the form of 8-bit 
binary integers: 

DATA WORD 



1 1 1 1 1 1 1 

D7 De D5 D4 D3 D2 Di Do 



MSB 



LSB 



When a register or data word contains a binary 
number, it is necessary to estabUsh the order in 
which the bits of the number are written. In the 
Intel 8080, BIT is referred to as the Least Signifi- 
cant Bit (LSB), and BIT 7 (of an 8-bit number) is 
referred to as the Most Significant Bit (MSB). 

"he 8080 program instructions may be one, two or 
,iiree ')ytes in length. Multiple byte instructions 
must be stored in successive memory locations; the 
address of the first byte is always used as the ad- 
dress of the instructions. The exact instruction for- 
mat will depend on the particular operation to be 
executed. 



Single Byte Instructions 





0,' 


1 1 1 1 1 


'co 


Op Code 






Two-Byte Instructions 






Byte One 


0,' 


1 1 I 1 1 


'0. 


Op Code 












Byte Two 


0,' 


1 1 1 1 1 


'»0 


Data or 
Address 






Three-Byte Instructions 






Byte One 


»,' 


1 1 1 1 1 


'co 


Op Code 












Byte Two 


0,' 


1 1 1 1 1 


'00 


\ Data 










or 


Jyte Three 


0,' 


1 1 1 t 1 


'0. 


Address 



Often the data that is to bo operated on is stored in 
memory. When multi-byte numeric data is used, 
the data, like instructions, is stoied' in successive 
memory locations, with the least significant byte 
first, followed by increasingly significant bytes. 
The 8080 has four different modes for addressing 
data stored in memory or in registers: 

• Direct — Bytes 2 and 3 of the instruction con- 

tain the exact memory address of the data 
item (the low-order bits of the address are 
in byte 2, the high-order bits in byte 3). 

• Register — The instruction specifies the regis- 

ter-pair in which the data is located. 

• Register Indirect — The instruction specifies a 

register-pair which contains the memory 
address where the data is located (the high- 
order bits of the address are in the first 
register of the pair, the low-order bits in 
the second). 

• Immediate — The instruction contains the 

data itself. This is either an 8-bit quantity 
or a 16-bit quantity (least significant byte 
first, most significant byte second). 

Unless directed by an interrupt or branch instruc- 
tion, the execution of instructions proceeds 
through consecutively increasing memory loca- 
tions. A branch instruction can specify the address 
of the next instruction to be executed in one of 
two ways: 

• Direct — The branch instruction contains the 

address of the next instruction to be exe- 
cuted. (Except for the 'RST' instruction, 
byte 2 contains the low-order address and 
byte 3 the high-order address.) 

• Register Indirect — Tlie branch instruction 

indicates a register-pair which contains the 
address of the next instruction to be exe- 
cuted. (The high-order bits of the address 
are in the first register of the pair, the low- 
order bits in the second.) 

The RST instruction is a special one-byte call in- 
struction (usually used during interrupt sequences). 
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RST includes a three-bit field; program control is 
transferred to the instruction whose address is 
eight times the contents of this three-bit field. 

Condition Flags 

There are five condition flags associated with the 
execution of instructions on the 8080. They are 
Zero, Sign, Parity, Carry, and Auxiliary Carry, and 
are each represented by a 1-bit register in the CPU. 
A flag is "set" by forcing the bit to 1 ; "reset" by 
forcing the bit to 0. 

Unless indicated otherwise, when an instruction 
affects a flag, it affects it in the following manner: 

Zero: If the result of an instruction has the 
value 0, this flag is set; otherwise it is 
reset. 

Sign: If the most significant bit of the result 
of the operation has the value 1 , this 
flag is set; otherwise it is reset. 

Parity: If the modulo 2 sum of the bits of the 
result of the operation is (i.e., if the 
result has even parity), this flag is set; 
otherwise it is reset (i.e., if the result 
has odd parity). 

Carry: If the instruction resulted in a carry 
(from addition), or a borrow (from 
subtraction of a comparison) out of 
the high-order bit, this flag is set; 
otherwise it is reset. 



Auxiliary 
Carry: 



If the instruction caused a carry out 
of bit 3 and into bit 4 of the resulting 
value, the auxiliary carry is set; other- 
wise it is reset. This flag is affected by 
single precision additions, subtrac- 
tions, increments, decrements, com- 
parisons, and logical operations, but is 
principally used with additions and 
increments preceding a DAA (Decimal 
Adjust Accumulator) instruction. 



Symbols and Abbreviations 

The following symbols and abbreviations are used 
in the subsequent description of the 8080 instruc- 
tions: 



SYMBOLS 

accumulator 
addr 
data 
data 16 
byte 2 
byte 3 
port 
r.r 1 ,r2 
DDD,SSS 



rp 



RP 



rh 



rl 



MEANING 

Register A 

16-bit address quantity 

8-bit data quantity 

16-bit data quantity 

The second byte of the instruction 

The third byte of the instruction 

8-bit address of an I/O device 

One of the registers A,B,C,D,E,H,L 

The bit pattern designating one of 
the registers A,B,C,D,E,H,L. (DD= 
destination, SSS=source): 

ODD or SSS REGISTER NAME 



111 


A 


000 


B 


001 


C 


010 


D 


oil 


E 


100 


H 


101 


L 



One of the register pairs: 

B represents the B,C pair with B 
as the high-order register and C 
as the low-order register; 

D represents the D,E pair with D 
as the high-order register and E 
as the low-order register; 

H represents the H,L pair with H 
as the high-order register and L 
as the low-order register; 

SP represents the 16-bit stack 
pointer register. 

The bit pattern designating one of 
the register pairs B,D,H,SP: 



RP 


REGISTER PAIR 


00 


B-C 


01 


D-E 


10 


H-L 


11 


SP 



The first (high-order) register of a 
designated pair. 

The second (low-order) register of a 
designated register pair. 
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PC 16-bit program counter register 

(PCH and PCL are used to refer to 
the high-order and low-order 8 bits, 
respectively). 

SP 16-bit stack pointer register (SPH 

and SPL are used to refer to the 
high-order and low-order 8 bits, 
respectively). 

Tfn Bit m of the register r (bits are 

number 7 through from left to 
right). 

Z,S,P,CY,AC The condition flags: 

Zero, 

Sign, 

Parity, 

Carry, and 

Auxiliary Carry, respectively. 

( ) The contents of the memory loca- 

tion or registers enclosed in the 
parentheses. 

*- "Is transferred to"A 

A Logical AND 

V Exclusive OR 

Inclusive OR 

Addition 

— Two's complement subtraction 
* Multiplication 

■*-*■ "Is exchanged with" 

— The one's complement (e.g., (A)) 

n The restart number through 7 

NNN The binary representation 000 

through 111 for restart number 
through 7, respectively. 

Description Format 

The following pages provide a detailed description 
of the instruction set of the 8080. Each instruction 
is described in the following manner: 

1. The MAC 80 assembler format, consisting of the 
instruction mnemonic and operand fields, is 
printed in BOLDFACE on the left side of the 
first line. 

v: The name of the instruction is enclosed in paren- 
thesis on the right side of the first Une. 



# 



3. The next line(s) contain a symbolic description 
of the operation of the instruction. 

4. Tliis is followed by a narative description of the 
operand of the instruction. 

5. The following line(s) contain the binary fields 
and patterns that comprise the machine instruc- 
tion. 

6. The last four lines contain incidental informa- 
tion about the execution of the instruction. The 
number of machine cycles and states required to 
execute the instruction are listed first. If the 
instruction has two possible execution times, as 
in a Conditional Jump, both times will be listed, 
separated by a slash. Next, any significant data 
addressing modes (see Page A-2) are listed. The 
last line lists any of the five Flags that are af- 
fected by the execution of the instruction. 

Data Transfer Group 

This group of instructions transfer data to and 
from registers and memory. Condition flags are not 
affected by any instruction in this group. 

MOV rl, r2 (Move Register) 
(rl)^(r2) 
The content of register r2 is moved to register rl . 



T 



■^T^^ 



Cycles: 1 

States: 5 

Addressing: register 

Flags: none 



MOV r,M (Move from memory) 
(r) ^ ((H) (D) 

The content of the memory location, whose ad- 
dress is in registers H and L, is moved to register 
r. 



1 



1 1 

ODD 



1 ' 1 ' 



Cycles: 2 

States: 7 

Addressing: reg. indirect 

Flags: none 
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MOV M, r (Move to memory) 

((H)(L))^(r) 

The content of register r is moved to the mem- 
ory location whose address is in registers H and 
L. 



' 1 ' 1 ' 1 ' 



s ' s ' s 



Cycles: 2 

States: 7 

Addressing: reg. indirect 

Flags: none 



LXI rp, data 16 (Load register pair ininiediatc) 
(rh)^(byte3), 
(rl)^(byte2) 

Byte 3 of tiie instruction is moved into the high- 
order register (rh) of the register pair rp. Byte 2 
of the instruction is moved into tiie low-order 
register (rl) of the register pair rp. 






' 


R ' P 


' ' 'l 


low-order data 


high-order data 



Cycles: 3 

States: 10 

Addressing: immediate 

Flags: none 



MVI r, data (Move Immediate) 
(r)<-(byte2) 

The content of byte 2 of the instruction is 
moved to register r. 












D ' D 


1 


' 1 


' 


data 



Cycles: 2 

States: 7 

Addressing: immediate 

Flags: none 



LDA addr (Load Accumulator direct) 
(A) <- ((byte 3)(byte 2)) 

The content of the memory location, whose ad- 
dress is specified in byte 2 and byte 3 of the 
instruction, is moved to register A. 






' 1 ' 1 ' 1 ' 


1 


'o 


low-order addr 


high-order addr 



Cycles: 4 

States: 13 

Addressing: direct 

Flags: none 



MVI M, data (Move to memory immediate) 
((H)(L))<-(byte2) 

The content of byte 2 of the instruction is 
moved to the memory location whose address is 
in registers H and L. 









1 


1 ' 


1 


I 


1 


1 




data 



Cycles: 3 

States: 10 

Addressing: immed./reg. indirect 

Flags: none 



STA addr (Store Accumulator direct) 
((byte3)(byte2))^(A) 

The content of the accumulator is moved to the 
memory location whose address is specified in 
byte 2 and byte 3 of the instruction. 









1 ' 1 ' ' ' 1 


'o 


low-order addr 


high-order addr 



Cycles: 4 

States: 13 

Addressing: direct 

Flags: none 
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MOV M, r (Move to memory) 
((H)(L))^(r) 

The content of register r is moved to the mem- 
ory location whose address is in registers H and 
L. 



' 1 ' 1 ' 1 



s ' s ' s 



] 



Cycles: 2 

States: 7 

Addressing: reg. indirect 

Flags: none 



LXI rp, data 16 (Load register pair immediate) 
(rh)^(byte3), 
(rl) ^ (byte 2) 

Byte 3 of the instruction is moved into the high- 
order register (rh) of the register pair rp. Byte 2 
of the instruction is moved into the low-order 
register (rl) of the register pair rp. 



' 


B ' P 


' ' 'l 


low-order data 


high-order data 



Cycles: 3 

States: 10 

Addressing: immediate 

Flags: none 



MVI r, data (Move Immediate) 
(r) ^ (byte 2) 

The content of byte 2 of the instruction is 
moved to register r. 












D ' D 


1 


' 1 


' 








data 









Cycles: 2 

States: 7 

Addressing: immediate 

Flags: none 



LDA addr (Load Accumulator direct) 
(A)^((byte3)(byte2)) 

The content of the memory location, whose ad- 
dress is specified in byte 2 and byte 3 of the 
instruction, is moved to register A. 









' 1 ' 1 ' 1 ' 


' 1 


'o 


low-order addr 


high-order addr 



Cycles: 4 

States: 13 

Addressing: direct 

Flags: none 



MVI M, data (Move to memory immediate) 
((H)(L))^(byte2) 

The content of byte 2 of the instruction is 
moved to the memory location whose address is 
in registers H and L. 






' 


1 


1 ' 


1 


1 


1 









data 









Cycles: 3 

States: 10 

Addressing: immed./reg. indirect 

Flags: none 



STA addr (Store Accumulator direct) 
((byte3)(byte2))^(A) 

The content of the accumulator is moved to the 
memory location whose address is specified in 
byte 2 and byte 3 of the instruction. 









1 ' 1 ' ' 


■ 
1 


' 


low-order addr 


high-order addr 



Cycles: 4 

States: 13 

Addressing: direct 

Flags: none 
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1 1 — 

1 1 



Cycles: 1 

States: 5 

Addressing: register 

Flags: none 



Arithmetic Group 

This group of instructions performs arilhmetic 
operations on data in registers and memory. 

Unless otherwise indicated, all instructions in this 
group affect the Zero, Sign, Parity, Cany, and 
Auxiliary Carry flags according to the siandard 
rules. 

All subtraction operations are performed va two's 
conipleinent arithmetic, and set the carry flag to 
one to indicate a borrow and clear it to indicate no 
borrow. 

ADD r (Add Register) 
(A) ^ (A) + (r) 

The content of register r is added to the content 
"of the accumulator. The result is placed in the 
accumulator. 



T 



T 



T 



T 



T 



Cycles: 1 

States: 4 

Addressing: register 

Flags: 2,S,P,CY,AC 



ADD M (Add Memory) 

(A) ^ (A) + ((H)(L)) 

The content of the memory location whose ad- 
dress is contained in the H and L reijister is 
added to the content of the accumulator. The 
result is placed in the accumulator. 



T 



T 



T 



T 



T 



Cycles: 2 

States: 7 

Addressing: reg. indirect 

Flags: Z,S,P,CY,AC 



ADI data (Add Immediate) 
(A) *- (A) + (byte 2) 

The content of the second byte of the instruc- 
tion is added to the constant of the accumula- 
tor. The result is placed in the accumulator. 



1 


' 1 


'o 


' ' 


1 


' 1 


' 


data 



Cycles: 2 

States: 7 

Addressing: immediate 

Flags: Z,S,P,CY,AC 



ADC r (Add Register with Carry) 
(A)*-(A) + (r) + (CY) 

The content of register r and the content of the 
carry bit are added to the content of the ac- 
cumulator. The result is placed in the accumu- 
lator. 



T 



TVTT 



T 



I „ i 



Cycles: 1 

States: 4 

Addressing: register 

Flags: 2,S,P,CY,AC 



ADC M (Add Memory with Carry) 
(A)^(A) + ((H)(L)) + (CY) 
The content of the memory location whose ad- 
dress is contained in the H and L registers and 
the content of the CY flag are added to the ac- 
cumulator. The result is placed in the accumu- 
lator. 



T 



T 



1 ' 1 ' 



Cycles: 2 

States: 7 

Addressing: reg. indirect 

Flags: 2,S,P.CY,AC 
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ACI data (Add Immediate with Carry) 
(A)^(A) + (byte2) + (CY) 
The content of the second byte of the instruc- 
tion and the content of the CY flag are added to 
. the contents of the accumulator. The result is 
placed in the accumulator. 



1 


' , 


'o 


' 1 


, 


1 


' 


data 



Cycles: 2 

States: 7 

Addressing: immediate 

Flags: Z,S,P,CY,AC 



SUI data (Subtract Immediate) 
(A) ^ (A) - (byte 2) 

The content of the second byte of the instruc- 
tion is subtracted from the content of the ac- 
cumulator. The result is placed in the accumu- 
lator. 



1 


' 1 


' 


'l ' 


' 1 


' 1 


'o 


data 



Cycles: 2 

States: 7 

Addressing: immediate 

Flags: Z,S,P,CY,AC 



SUB r (Subtract Register) 
(A) ^ (A) - (r) 

The content of register r is subtracted from the 
content of the accumulator. The result is placed 
in the accumulator. 



SBB r (Subtract Register with Borrow) 
(A)^(A)-(r)-(CY) 

The content of register r and the content of the 
CY flag are both subtracted from the accumu- 
lator. The result is placed in the accumulator. 



1 ' 


' ' 1 


' 




S 


















1 


' 


' ' 1 


' 1 


S ' S 


's 




Cycles: 

States: 

Addressing: 

Flags: 


1 

4 

register 

Z,S,P,CY,AC 














Cycles: 

States: 

Addressing: 

Flags: 


1 

4 

register 

2,S,P,CY,AC 





SUB M (Subtract Memory) 
(A)^(A)-((H)(L)) 

The content of the memory location whose ad- 
dress is contained in the H and L registers is sub- 
tracted from the content of the accumulator. 
The result is placed in the accumulator. 



SBB M (Subtract Memory with Borrow) 
(A)^(A)-((H)(L))-(CY) 
The content of the memory location whose ad- 
dress is contained in the H and L registers and 
the content of the CY flag are both subtracted 
from the accumulator. The result is placed in the 
accumulator. 



1 


• 


' 'l 


' ' , ' 1 


'o 




1 


' 


' ' 1 


',',', 


' 






Cycles: 


2 










Cycles: 


2 








States: 


7 






States: 


7 








Addressing: 


reg. indirect 






Addressing: 


reg. indirect 








Flags: 


Z,S,P,CY,AC 










Flags: 


Z.S.P.CY.AC 
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SBI data (Subtract Immediate with Borrow) 

(A) ^ (A) - (byte 2) - (CY) 
The contents of the second byte of the instruc- 
tion and the contents of the CY flag are both 
subtracted from the accumulator. The result is 
placed in the accumulator. 



1 


• 1 


' 


' 1 ' 1 


' 1 


1 


' 


data 



Cycles: 2 

States: 7 

Addressing: immediate 

Flags: Z,S,P,CY,AC 



INR r (Increment Register) 
(r)*-(r)+l 

The content of register r is incremented by one. 
Note: All condition flags except CY are affected. 





D ' D ' D 


1 ' ' 



Cycles: 1 

States: 5 

Addressing: register 

Flags: Z,S,P,AC 



INR M (Increment Memory) 
((H)(L))*-((H)(L))+1 

The content of the memory location whose ad- 
dress is contained in the H and L registers is 
incremented by one. Note: All condition flags 
except CY are affected. 



« ' 1 ' 1 ' 



T 



Cycles: 3 

States: 10 

Addressing: reg. indirect 

Flags: Z.S.P.AC 



DCR r (Decrement Register) 
(r) ^ (r) - 1 

The content of register r is decremented by one. 
Note: All condition flags except CY are affected. 



T" 



1 1 T \ 1 

D D D 1 1 



Cycles: 1 

States: 5 

Addressing: register 

Flags: Z.S.P.AC 

DCX rp (Decrement register pair) 
(rh)(rl) ^ (rh)(rl) - 1 

The content of the register pair rp is decre- 
mented by one. Note: No condition flags are 
affected. 



' 


R 'P 


1 ' ' 1 ' 1 



Cycles: 1 

States: 5 

Addressing: register 

Flags: none 

DAD rp (Add register pair to H and L) 
(H)(L)*-(H)(L) + (rh)(rl) 
The content of the register pair rp is added to 
the content of the register pair H and L. The re- 
sult is placed in the register pair H and L. Note: 
Only the CY flag is affected. It is set if there is a 
carry out of the double precision add; otherwise 
it is reset. 



' 


R ' P 


, ' ' ' 1 



Cycles: 3 

States: 10 

Addressing: register 

Flags: CY 



DAA (Decimal Adjust Accumulator) 

The 8-bit number in the accumulator is adjusted 
to form two 4-bit Binary-Coded-Decimal digits 
by the following process: 



1 . If the value of the least significant 4 bits of 
the accumulator is greater than 9 or if the AC 
flag is set, 6 is added to the accumulator. 
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2. If the value of the most significant 4 bits of 
the accumulator is now greater than 9, or if 
the CY flag is set, 6 is added to the most signi- 
ficant 4 bits of the accumulator. 

NOTE: All flags are affected. 



1 


1 




' 1 ' ' ' 1 ' 1 


' 






Cycles: 2 








States: 7 








Addressing: reg. indirect 








Flags: Z,S,P,CY,AC 





' ' 1 ' 1 ' 1 ' 1 ' , 



Cycles: 1 
States: 4 
Flags: Z,S,P,CY,AC 



Logical Group 

This group of instructions performs logical (Boo- 
lean) operations on data in registers and memory 
and on condition flags. 

Unless indicated otherwise, all instructions in this 
group affect tlic Zero, Sign, Parity, Auxiliary Car- 
ry, and Carry flags according to the standard rules. 



ANI data (AND immediate) 
(A) <- (A) A (byte 2) 

The content of the second byte of the instruc- 
tion is logically ANDed with the contents of the 
accumulator. The result is placed in the accumu- 
lator. The CY flag is cleared. 



1 


' 1 


' 1 


' ' 


1 


1 


' 


data 



Cycles: 2 

States: 7 

Addressing: immediate 

Flags: Z,S,P,CY,AC 



ANA r (AND Register) 
(A)^(A)A(r) 

The content of register r is logically ANDed with 
the content of the ac:umulator. The result is 
placed in the accumulator. The CY flag is 
cleared. 



T 



1 1 

1 



T 



T 



Cycles: 1 

States: 4 

Addressing: register 

Flaps: Z,S,P,CY,AC 



XRA r (Exclusive OR Register) 
(A)<-(A)V(r) 

The content of register r is exclusive-ORed with 
the content of the accumulator. The result is 
placed in the accumulator. The CY and AC flags 
are cleared. 



1 ' ' 1 ' ' 1 



s ' s ' s 



Cycles: 1 

SUtes: 4 

Addressing: register 

Flags: Z,S,P,CY,AC 



J 



ANA M (AND memory) 
(A)^(A)A((H)(L)) 

The contents of the memory location whose ad- 
dress is contained in the H and L registers is 
logically ANDed with the content of the accum- 
ulator. The CY flag is cleared. 



XRA M (Exclusive OR Memory) 
(A)^(A)V((H)(L)) 

The content of the memory location whose ad- 
dress is contained in the H and L registers is 
exclusive-ORed with the content of the accumu- 
lator. The result is placed in the accumulator. 
The CY and AC flags are cleared. 
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1 


I 




1 


' 


r" 

1 


1 

1 


' 1 


'o 



Cycles: 2 

States: 7 

Addressing: reg. indirect 

Flags: Z,S,P,CY,AC 



XRI data (Exclusive OR immediate) 
(A) ^ (A) V (byte 2) 

The content of the second byte of the instruc- 
tion is exclusive-ORed with the content of the 
accumulator. The result is placed in the accumu- 
lator. The CY and AC flags are cleared. 



1 


' 1 


I 
1 


' ' 1 


' 1 


' 1 


'o 


data 



Cycles: 2 

States: 7 

Addressing: immediate 

Flags: 2,S,P,CY,AC 

ORA r (OR Register) 
(A) <- (A) V (r) 

The content of register r is inclusive-ORed with 
the content of the accumulator. The result is 
placed in the accumulator. The CY and AC flags 
are cleared. 

.1.111. 



T 



T 



Cycles: 1 

States: 4 

Addressing: register 

Flap: 2,S,P,CY.AC 

ORA M (OR Memory) 
(A) <- (A) V ((H)(L)) 

The content of the memory location \^hose ad- 
dress is contained in the H and L registers is 
inclusive-ORed with the content of the accumu- 
lator. The result is placed in the accumulator. 
The CY and AC flags are cleared. 



1 




' 1 


' , 


' 


' 1 


' 1 


'o 



Cycles: 2 

States: 7 

Addressing: reg. indirect 

Flags: Z,S,P,CY,AC 



ORI data (OR Immediate) 
(A) ^ (A) V (byte 2) 

The content of the second byte of the instruc- 
tion is inclusive-ORed with the content of the 
accumulator. The result is placed in the accumu- 
lator. The CY and AC flags are cleared. 
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' 1 


' 1 
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' 1 
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data 



Cycles: 2 

States: 7 

Addressing: immediate 

Flags: Z,S,P,CY,AC 



CMP r (Compare Register) 
(A) - (r) 

The content of register r is subtracted from the 
accumulator. The accumulator remains un- 
changed. The condition flags are set as a result 
of the subtraction. The Z flag is set to 1 if (A) = 
(r). The CY flag is set to 1 if (A) < (r). 





T 






I 


1 




1 


1 ■ - 


1 







1 


1 


1 


s 


s 


s 



Cycles: 1 

r :atas: 4 

Addressing: register 

Flags: Z.S,P,CY,AC 



CMP M (Compare memory) 
(A) - ((H)(L)) 

The content of the memory location whose ad- 
dress is contained in the H and L registers is sub- 
tracted from the accumulator. The accumulator 
remains unchanged. The condition flags are set 
as a result of the subtraction. The Z flag is set to 
1 of (A) = ((H)(L)). The CY flag is set to 1 if 
(A) < ((H)(L)). 



1 



1 



1 



1 
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T 



Cycles: 2 

States: 7 

Addressing: reg. indirect 

Flagi: 2,S.P,CY,AC 
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CPI data (Compare immediate) 
(A) - (byte 2) 

The content of the second byte of the instruc- 
tion is subtracted from the accumulator. The 
condition flags are set by the result of the sub- 
traction. The Z flag is set to 1 if (A) = (byte 2). 
The CY flag is set to 1 if (A) < (byte 2). 
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' 1 


' 1 


' 1 ' 1 


' 1 


' 1 


'o 


data 



Cycles: 2 

States: 7 

Addressing: immediate 

Flags: Z,S,P.CY,AC 



RLC (Rotate left) 

(An+l)^(An);(Ao)^(A7) 
(CY)^(A7) 

The content of the accumulator is rotated left 
one position. The low-order bits and the CY flag 
are both set to the value shifted out of the high- 
order bit position. Only the CY flag is affected. 
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T 



T 



T 



T 



T 



Cycles: 1 
States: 4 
Flags: CY 



RRC (Rotate right) 

(An)^(An-i);(A7)^(Ao) 
(CY)^(Ao) 

The content of the accumulator is rotated right 
one position. The high-order bit and the CY flag 
are both set to the value shifted out of the low- 
order bit position. Only the CY flag is affected. 



T 



1 1 





T 1 1 

1 1 1 



Cycles: 1 
States: 4 
Flags: CY 



RAL (Rotate left through carry) 
(An+i)^(An);(CY)^(A7) 
(Ao)^(CY) 

The content of the accumulator is rotated left 
one position through the CY flag. The low-order 
bit is set equal to the CY flag and the CY flag is 
set to the value shifted out of the high-order bit. 
Only the CY flag is affected. 



T 



T 



Cycles: 1 
States: 4 
Flajp: CY 



RAR (Rotate right through carry) 
(An)^(An+i);(CY)^(Ao) 
(A7)^(CY) 

The content of the accumulator is rotated right 
one position through the CY flag. The high- 
order bit is set to the CY flag and the CY flag is 
set to the value shifted out of the low-order bit. 
Only the CY flag is affected. 



T 



1 , 

1111 



Cycles: 1 
States: 4 
Flags: CY 



CMA (Complement accumulator) 
(A)^(A) 

The contents of the accumulator are comple- 
mented (zero bits become 1, one bits become 0). 
No flags are affected. 



1 1 1 — "T 1 i 1 — 

10 1111 



Cycles: 1 
States: 4 
Flags: none 



CMC (Complement carry) 
(CY) *- (CY) 

The CY flag is complemented. No other flags are 
affected. 



1 i 1 1 i 1 1 — 

111111 



Cycles: 1 
States: 4 
Flags: CY 
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STC (Set carry) 
(CY) "- 1 

The CY flag is set to 1. 
fected. 



No otlier flags are af- 



' 'l ' 1 ' ' 1 ' 1 ' 1 



Cycles: 1 
States: 4 
Flags: CY 



1 

1 


1 


'o ' ' ' ' 


1 


' 1 






low-ordar addr 






high-order addr 



Cycles: 3 

States: 10 

Addressing: iminediate 

Flags: none 



Branch Group 

Tliis group of instructions alter normal sequential 
program flow. 

Condition flags are not affected by an instruction 
in this group. 

The two types of branch instructions are uncondi- 
tional and conditional. Unconditional transfers 
simply perform the specified operation on register 
PC (the program counter). Conditional transfers 
examine the status of one of the four processor 
flags to determine if the specified branch is to be 
executed. The conditions that may be specified are 
as follows: 



CONDITION 


ccc 


NZ 


- not zero (Z=0) 


000 


Z 


- zero(Z= 1) 


001 


NC 


- no carry (C = 0) 


010 


C 


- carry (CY=1) 


on 


PO 


- parity odd (P = 0) 


100 


PE 


— parity even (P = 1) 


101 


P 


- plus(S = 0) 


110 


M 


— minus (S = 1) 


111 



JMP addr (Jump) 
(PC) -^ (byte 3)(byte 2) 

Control is transferred to the instruction whose 
address is specified in byte 3 and byte 2 of the 
current instruction. 



Jconditlon addr (Conditional jump) 
If (CCC), 

(PC) <- (byte 3)(byte 2) 
If the specified condition is true, control is 
transferred to the instruction whose address is 
specified in byte 3 and byte 2 of the current in- 
struction; otherwise, control continues sequen- 
tially. 
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1 


c 'c 'c 
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1 


' 






low-order addr 






high-order addr 



Cycles: 

States: 

Addressing: 

Flags: 


3 

10 

iminediate 

none 


CALL addr (Call) 
((SP)- l)^(PCH) 
((SP)-2)^(PCL) 
(SP) <- (SP) - 2 





(PC) <- (byte 3)(byte 2) 

The high-order 8 bits of the next instruction 
address are moved to the memory location 
whose address is one less than the content of 
register SP. The low-order 8 bits of the next 
instruction address are moved to the memory 
location whose address is two less than the con- 
tent of register SP. The content of register SP is 
decremented by 2. Control is transferred to the 
instruction whose address is specified in byte 3 
and byte 2 of the current instruction. 



1 


1 


1 1 1 1 1 
11 





' 1 


low-order addr 


high-order addr 



Cycles: 5 

States: 17 

Addressing: immed./reg. indirect 

Flags: none 



C-13 



Ccondition addr (Condition call) 
If(CCC), 

((SP)- l)^(PCH) 

((SP) - 2) ^ (PCL) 

(SP) ^ (SP) - 2 

(PC)^(byte3)(byte2) 
If the specified condition is true, the actions 
specified in the CALL instruction (see above) 
are performed; otherwise, control continues 
sequentially. 



— I r — 

c c c 



1 1 — 





1 'l 


1 ! 

c c c 


1 


'o 'o 




low-order addr 




high-order addr 



Cycles: 3/5 

States: 11/17 

Addressing: immed./reg. indirect 

Flags: none 



RET (Return) 
(PCL) ^ ((SP)); 
(PCH)^((SP)+1); 
(SP)+-(SP) + 2; 

The content of the memory location whose ad- 
dress is specified in register SP is moved to the 
low-order 8 bits of register PC. The content of 
the memory location whose address is one more 
than the content of register SP is moved to the 
high-order 8 bits of register PC. The content of 
register SP is incremented by 2. 



— I r— r 

110 



1 1 1 — 

1 



Cycles: 3 

States: 10 

Addressing: reg. indirect 

Flags: none 



Rconditlon (Conditional return) 
If (CCC), 

(PCL) *- ((SP)) 

(PCH) - ((SP) + 1 ) 

(SP) ^ (SP) + 2 
If the specified condition is true, the actions 
specified in the RET instruction (see above) are 
performed; otherwise, control continues sequen- 
tially. 



Cycles: 1/3 

States: 5/1 1 

Addressing: reg. indiroct 

Flags: none 

RST n (Restart) 
((SP)- l)^(PCH) 
((SP) - 2) ^ (PCL) 
(SP) *- (SP) - 2 
(PC) ^ 8 * (NNN) 

The high-order 8 bits of the next instruction ad- 
dress are moved to the memory location whose 
address is one less than the content of register 
SP. The low-order 8 bits of the next instruction 
address are moved to the memory location 
whose address is two less than the content of 
register SP. The content of register SP is decre- 
mented by two. Control is transferred to the 
instruction whose address is eight times the con- 
tent of NNN. 
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N 


N 
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1 


1 


1 



Cycles: 3 

States: 1 1 

Addressing: reg. indirect 

Flags: none 



15 14 13 12 1110 9 8 7 6 5 4 3 2 1 
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Program Counter After Restart 



PCHL 



(Jump H and L indirect — move II and 

L to PC) 
(PCH) ^ (H) 
(PCL) ^ (L) 

The content of register H is moved to the high- 
order 8 bits of register PC. The content of regis- 
ter L is moved to the low-order 8 bits of register 
PC. 
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1 
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—J 1 


1 


1 


1 





1 








1 



Cycles: 1 

States: 5 

Addressing: register 

Flags: none 
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Stack, I/O, and Machine Control Group 

This group of instructions performs I/O, manipu- 
lates the Stack, and alters internal control flags. 

Unless otherwise specified, condition flags are not 
affected by any instructions in this group. 



FLAG WORD 



Dy 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 


s 


Z 





AC 





P 


1 


CY 



PUSH rp (Push) 
((SP)-l)^(rh) 
((SP) - 2) ^ (rl) 
(SP)^(SP)-2 

The content of the high-order register of register 
pair rp is moved to the memory location whose 
address is one less than the content of register 
SP. The content of the low-order register of reg- 
ister pair rp is moved to the memory location 
whose address is two less than the content of 
register SP. The content of register SP is decre- 
mented by 2. Note: Register pair rp=SP may not 
be specified. 



— I 1 

1 



CyclM: 3 

States: 1 1 

Addressing: reg. indirect 

Flags: nona 



POP rp (Pop) 
(rl) ^ ((SP)) 
(rh)^((SP)+l) 
(SP) ^ (SP) + 2 

The content of the memory location, whose ad- 
dress is specified by the content of register SP, is 
moved to the low-order register of register pair 
rp. The content of the memory location, whose 
address is one more than the content of register 
SP, is moved to the high-order register of register 
paii- rp. The content of register SP is incre- 
mented by 2. Note: Register pair rp=SP may not 
be specified. 



1 

1 1 


1 

R P 


I I 1 

1 



Cycles: 3 

States: 10 

Addressing: rag. indirect. 

Flags: none 



PUSH PSW (Push processor status word) 
((SP)-l)^(A) 

((SP) - 2)0 ^(CY,((SP)- 2)1^1 
((SP) - 2)2 ^(P),((SP)- 2)3^0 
((SP) - 2)4 ^ (AC), ((SP) - 2)5^ 
((SP)-2)6^(Z),((SP)-2)7^(S) 
(SP) ^ (SP) - 2 

The content of register A is moved to the mem- 
ory location whose address is one less than regis- 
ter SP. The contents of the condition flags are 
assembled into a processor status word and the 
word is moved to the memory location whose 
address is two less than the content of register 
SP. The content of register SP is decremented by 
two. 



POP PSW (Pop processor status word) 
(CY) <- ((SP))o 
(P) ^ ((SP))2 
(AC)^((SP))4 

(Z)^((SP))6 
(S> ^ ((SP))7 
(A)^((SP)+1) 
(SP) ^ (SP) + 2 

The content of the memory location whose ad- 
dress is specified by the content of register SP is 
used to restore the condition fiags. The content 
of the memory location whose address is one 
more than the content of register SP is moved to 
register A. The content of register SP is incre- 
mented by 2. 



' ' 1 



T 1 

1 



Cycles: 3 

States: 11 

Addressing: reg. indirect 

Flags: nona 



T 1 1 

1 1 



T 1 





Cycles: 3 

States: 10 

Addressing: reg. indirect 

Flags: Z,S,P,CY,AC 
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XTHL (Exchange stack top with H and L) 

(L) ^ ((SP)) 
(H)^((SP)+1) 

The content of the L register is exchanged with 
the content of the memory location whose ad- 
dress is specified by the content of register SP. 
The content of the H register is exchanged with 
the content of the memory location whose ad- 
dress is one more than the content of register SP. 



T 



1 1 

1 



1 1 — 

1 1 



Cycles: 5 

States: 18 

Addressing: reg. indirect 

Flags: none 



1 1 


I 



1 
1 





■ 
1 


1 


port 



Cycles: 3 

States: 10 

Addressing: direct 

Flags: none 

El (Enable interrupt) 

The interrupt system is enabled following the 
execution of the next instruction. 
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1 
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1 
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1 





1 


1 



Cycles: 1 
States: 4 
Flags: none 



SPHL (Move HL to SP) 
(SP) *- (H)(L) 

The contents of registers H and L (16 bits) are 
moved to register SP. 



Dl (Disable interrupts) 

The interrupt system is disabled immediately 
following the execution of the DI instruction. 
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r 




1 




1 


1 


1 


1 










1 



Cycles: 1 

States: 5 

Addressing: register 

Flags: none 



1 1 1 1 1 1 1 

11110 11 



Cycles: 1 
Sutas: 4 
Flags: none 



IN port (Input) 
(A) *- (data) 

The data placed on the 8-bit bidirectional data 
bus by the specified port is moved to register A. 



1 
1 1 


1 



1 
1 1 


1 



1 


1 
1 


port 



Cycles: 3 

States: 10 

Addressing: direct 

Flags: none 



HLT (Halt) 

The processor is stopped. The registers and flags 
are unaffected. 



1 1 1 1 1 1 1 — 

1110 110 



Cycles: 1 
Sutes: 7 
Flags: none 



NOP (No op) 

No operation is performed. The registers and 
flags are unaffected. 



OUT port (Output) 
(data) *- (A) 

The content of register A is placed on the 8-bit 
bidirectional data bus for transmission to the 
specified port. 



1 1 1 1 1 1 1 — 

00000000 



Cycles: 1 
States: 4 
Flags: none 
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INSTRUC riON SET 



Summary of Processor Instructions 





















clock''' 






















clock"' 


MNEMONIC 


DESCRIPTION D7 Oe 


Ds 


0* 


D3 


Dl 


Dl 


Do 


CYCLES 


MNEMONIC 


DESCRIPTION 


Dj 


oe, 


DS 


D4 


D3 


Dj 


Dl 


Do 


CYCLtS' 


MOV, 1,2 
MOV M,r 
MOV I.M 
HLT 


Muvc [cgiMcr to rciiiMci C 
MovL* lotislcr to rncinory C 
Move memory to (C^iMct ( 
Hull ( 


1 
1 

1 
1 


1) 
1 
u 

1 


u 


u 



u 




s 


s 
s 
1 
1 


s 
s 
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5 
7 
7 
7 


RZ 
RNZ 
RP 
RM 


Return on zerti 
Return on no zero 
Return on positive 
Return on minus 









1 

1 









1 




















5/11 
5/11 
5/11 
5/11 


MVIr 
MVLM 


Move imnicdi;iU- reamer (J 
Mifve immedt^ile memory 1 






D 

1 




1) 






1 


u 




7 
10 


RPL 
RPO 


Return on parity even 
Return on parity odd 






1 

1 




1 
















5/11 
5/11 


INR r 
DCR r 
INRM 
DtR M 


Increment register 
DeLfernent register 
Increment mctnury 
Decrement memory 


n 
u 

1 
1 




D 
D 















1 



1 


5 
5 

10 
10 


RST 

IN 

OUT 
LXl K 


Restart 

Input 

Output 

Load immediate register 








A 







A 

1 
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1 






1 




1 

1 

1 


11 

10 
10 
10 


AUDI 
AlX'i 
SUB I 
SBBr 

ANA I 


AJJ regtster lu A 

Add regt%ter to A with carry 

Subtract regi&lei from A 

Subtract register Irom A 

with borrow 

And register with A 













u 
u 

1 








s 
s 
s 
s 

s 


s 
s 
s 
s 

s 


s 
s 
s 
s 

s 


4 
4 
4 
4 

4 


LXI D 
LXl 11 
LXISP 


Pair B i C 

Load immediate register 

Pair D i y 

Load immediate register 

Pair H i L 

Liiad immediate stack pointer 


U 







u 




> 

1 



















1 


ID 
ID 
ID 


XRA r 


txclusive Or register with A 





1 






s 


s 


s 


4 


PUSH B 


Push tcgtster Pair B & C on 


1 


1 










1 





1 


11 


ORAt 
CMP r 


Or register with A 
Compare register with A 


u 




1 

1 






s 
s 


s 
s 


s 
s 


4 
4 


PUSH n 


slack 

Push rcgiNtcf Pair D & L on 


1 


1 


u 







1 





1 


11 


ADDM 
ADCM 


Add memory to A 

Add memory to A with tarry 

















1 
1 






7 

7 


PUSH 11 


stack 

Push iegi\tcr Pair H & L on 


1 


I 


, 







1 





, 
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SUB M 
SBBM 


Subtract memory from A 
Subtract memory from A 















1 
1 






7 
7 


PUSH PSW 


stack 

Push A and 1 lags 


1 


1 


1 







1 





, 


11 


ANA M 


with borrow 

And memory with A 





1 








1 





7 


POPB 


on stack 

Pop icgi^tcr pair B & C off 


, 


1 
















1 


10 


XRAM 
ORAM 


l.xclustve Or memory willi A 
Or memory with A 







1 
1 








1 

1 




u 


7 
7 


K)PO 


stack 

Pop regislet pair D & L off 


, 


, 
















1 


10 


CMPM 
AOI 


Compare memory wrth A 
Add immediate to A 





1 










I 
1 


u 




7 
7 


POPH 


stack 

Pop registei pair H & L off 


1 


1 















1 


10 


ACI 


Add immediate to A with 
carry 













' 


u 


7 


POP PSW 


stack 

Pop A and flags 


, 


, 















, 


10 


SUl 
SBI 


Subtract immediate from A 
Subtract immediate trom A 
With borrow 














1 
1 






7 

7 


STA 
LDA 


off slack 
Store A direct 
Load A direct 





















1 






13 

u 


ANl 


And immediate with A 




1 








1 





7 


XCHG 


tJ-change D i E, H 4 L 


1 


1 






1 





1 


1 


4 


XRI 


Kxclusive Or immediate with 
A 




1 








1 





7 


XTHL 


Registers 

Exchange top of stock H & L 


, 


, 












1 


1 


It 


ORI 
CPl 
RLC 


Or immediate with A 
Compare immediate with A 
Rotate A left ( 


) 


1 
1 










1 
1 

1 





1 


7 
7 
4 


SPHL 

k:hl 

LiAD B 


H & L to stack pointer 
H & L to program counter 
AddDiC toHiL 
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1 




1 
I 








1 
1 

1 












1 
1 


5 
5 

10 


RRC 
RAL 
RAR 


Rotate A right 

Rotate A left through car^y 

Rotate A right through 

carry 


) 
) 
) u 













1 
1 
1 


1 
1 

1 


4 
4 
4 


DAD U 
DADH 
DAUSP 
STAXB 


Add D & K 10 H i L 
Add H i L to H i L 
Add slack pointer to H 4 L 
Store A indirect 



















1 
1 

1 















1 




10 
10 
10 

7 


JMP 
JC 


Jump unconditional 
Jump on carry 














u 


1 
1 





10 
10 


STAX D 
LDAXB 


Store A indirect 
Load A indirect 


















1 






t 

1 






7 
7 


JNC 
JZ 


Jump on no carry 
Jump on zero 




u 
u 










1 

1 






10 
10 


LDAXD 
INX B 


Load A indirect 
Increment B & C tegisteis 
















1 








1 




1 


7 

5 


JNZ 
JP 


Jump on no jero 
Jump on positive 






1 










1 






10 
10 


INX D 
INX H 


Increment D i L registers 
Increment H & L regislcis 
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1 
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1 
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5 


JM 


Jump on minus 
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1 





10 


INXSP 


tncrenient stack pointer 
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1 


1 


5 


JPE 


Jump on parity even 




1 









1 





10 


IXXB 


Decrement B A C 













1 
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1 


5 


IPO 
CALL 


Jump on parity odd 
Call unconditional 




1 











1 






1 


ro 

17 


DCX D 
DCX H 


Decrement DAL 
Decrement HAL 












I 




1 
1 






1 

1 


1 


5 
5 


CC 


Call on carry 



















11/17 


DCXSP 


Decrement stack pointer 








1 




1 





1 


1 


} 


CNC 

CZ 

CNZ 


Call on no carry 
(^all on zero 
Call on no zero 

























11/17 
11/17 
11/17 


(MA 

SK 

CMC 


Complement A 
Set carry 
Complement carry 
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1 
I 
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1 


4 
4 

4 


CP 


Call on positive 




1 
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DA A 


Decimal adjust A 








1 







1 


1 


1 


4 


CM 


Call on minui 




1 














ii/n 


SHLD 


Store HAL direct 








1 










1 





16 


CPt 


Call on parity even 




1 














11/17 


LHLU 


Load HAL direct 








1 





1 
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16 


CPO 
RtT 


Call on parity odd 
Return 




1 















u 
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11/17 
10 


Dl 


Knable Inlcriupts 
Disable interrupt 


1 


1 


1 
1 




1 








1 
1 


1 
1 


4 
4 


RC 
RNC 


Return on carry 
Return on no carry 




n 





















5/11 
5/1 1 


NOP 


No-opeiation 
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NOTES: 



1 DDDoiSSS 000 B - 001 C - 010 D - 01 1 L - 100 H - 101 L - 110 Memory 1 1 1 A. 
2. Two possible cycle times. il5/l I) indicate instruction cycles dependent on condition flags. 
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APPENDIX D 
SBC-901, SBC-902 SCHEMATICS 



Schematic drawings for the SBC-901 and SBC-902 are provided In this 
appendix. Information and diagrams in this section are subject to 
change without notice. References should be made to schematics 
shipped with this module. 
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1 

N3 



TITLE '80/10 MONITOR, VERSION 1.1, 1 NOVEMBER 



1976' 



********************************* ************************************** 
*********************************************************************** 

80/10 MONITOR 
H8C/13 
VERSION 1.1 
1 NOVEMBER 1976 



*******************************................. _ _. 

********************************************************* 



***************************i 

************** 



r ************* 



(G) 1976 INTEL CCRFOHATION. ALL RIGHTS RESERVED. NO PART OF THIS 
PI^OGRAM OR PUBLICATION MAY BE REPRODUCED, TRANSMITTED, TRANSCRIBED, 
STORED IN A RETRIEVAL SYSTEM, OR TRANSLATED INTO ANY LANGUAGE OR 
COMPUTER LANGUAGE, IN ANY FORM OR BY ANY MEANS, ELECTRONIC, 
MECHANICAL, MAGNETIC, OPTICAL, CHEMICAL, MANUAL OR OTHERWISE, 
KITKOUT THE PRIOR WRITTEN PEHMISSICN OF INTEL CORPORATION, 
3065 BOWERS AVENUE, SANTA CLARA, CALIFORNIA 95051. 

************************** A- *********** A- ******************************** 

*************»r********************************************************* 



ABSTRACT 



THIS PROGRAM RUNS ON THE SBC 60/10 BOARD AND IS DESIGNED TO PROVIDE 

THE USER WITH A MINIMAL MONITOR. BY USING THIS PROGRAM, 

THE USER CAN EXAMINE AND CHANGE MEMORY OR CPU REGISTERS, LOAD 

A PROGRAM (IN ABSOLUTE HEX) INTO RAM, AND EXECUTE INSTRUCTIONS 

ALREADY IN MEMORY. TEE MONITOR ALSO PROVIDES THE USER WITH 

ROUTINES FOR PERFORMING, CONSOLE I/O AND PAPER TAPE I/O, 



PROGRAM ORGANIZATION 



; THE LISTING 
MONITOR FUK 
FIRST IK OF 
SECOND IK" 
RECOGNIZER 
NEXT TEIE r6 
THE UTILITY 
EACH SECTIO 
ORDER, BY E 
IN THE SAKE 
Ti^E COMMAND 



IS ORGANISED IN THE FOLLOWING WAY. FIRST THE BASIC 
CTIONS TOGETHER WITH THE CONSOLE I/O ARE LOCATED IN THE 

ROM FOLLOWED BY TilE PAPER TAPE FUNCTIONS AND I/O IN THE 
F ROM. WITHIN THE FIRST ROM IS CONTAINED THE COMMAND 

WHICH IS THE HIGHEST LEVEL ROUTINE IM THE PROGRAM. 
UTINES TO IMPLEMENT THE VARIOUS COMMANDS. FINALLY, 

ROUTINES WHICH ACTUALLY DO THE DIRTY VvCRK. WITHIN 
N, THE ROUTINES ARE ORGANIZED IN ALPHABETICAL 
NTRY POINT OF THE ROUTINE. THE SECOND ROM IS ORGANIZED 

MANNER AS THE FIRST WITH THE ROUTINES WHICH IMPLIMENT 
& FOLLOWED BY THE UTILITi" ROUTINES WHICH ACTuALLY DO THE 
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MORE DETAILED OPERATIONS. 

THE PROGRAM liAS BEEN PARTITIONED IN SUCH A MANNER THAT THE SECOND 
ROM NEED NOT BE PLUGGED INTO THE BOARD IF ONLY THE BASIC MONITOR 
FUNCTIONS ARE RECUIRED. HOWEVER If THE PAPER TAPE FUCTIONS ARE DESIRED 
BOTH ROMS ARE REOUIRED. 

THIS PROGRAM EXPECTS TO RUN IN THE FIRST 2K OF ADDRESS SPACE. 
IF, FOR SOKE REASON, THE PROGRAM IS RE-OKG'ED, CARE SHOULD 
BE TAKEN TO MAKE SURE THAT THE TRANSFER INSTRUCTIONS FOR RST 1 
AND RST 7 ARE ADJUSTED APPROPRIATELY. 

THE PROGRAM ALSO EXPECTS THAT RAM LOCATIONS 3C0CH TO 3C3FH, 
INCLUSIVE, ARE RESERVED FOR THE PROGRAM'S OV,"N USE. THESE 
LOCATIONS MAY BE ALTERED, HOWEVER, BY CHANGING THE EQO'ED 
SYMBOL "DATA" AS DESIRED. 

LIST OF FUNCTIONS 

******** 

1 ST ROM 
******** 

GETCM 



DCMD 
GCMD 
ICMD 
MCMK 

RCMD 
SCMD 



:md 



ADRD 

AD ROUT 

BREAK 

CI 

CNVDN 

CO 

CROUT 

ECHO 

ERROR 

FRET 

GETCH 

GETHX 

GETNM 

HILO 
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I 



BCEB 



eciB 

3C3D 
03FA 
B025 
eOED 
C0EC 
CCEC 



INUST 

NMOUT 
PRVAL 
REGDS 
r^GADR 
RSTTF 
SRTT 

STHLr 
VALDG 
VALDL 



******** 


2 ND ROM 


******** 


ECXD 


WCKD 


BYTE 


DELAY ' 


LEAD 


PA OR 


PBYTE 


PEOF 


PEOL 


PO 


HI 


Bic;i 



ORG 



0K 



***************************************************************** 



MONITOR EQUATES 



***************************************************************** 



CODE FOR DREAK CHARACTER (ESCAPE) 

LOCATION OF USER DRAKCH INSTRUCTION IN RAM 

LOCATION OF START OF ERANCH TABLE IN ROM 

COMMAND INSTRUCTION FOR USART INITIALIZATION 

CONSOLE CUSART) CONTROL PORT 

CON'SOLE INPUT PORT 

CONSOLE OUTPUT PORT 



DRCHR 


ECU 


IBH 


ERLCC 


EQU 


3C3DH 


ERTA3 


EQU 


3FAH 


CMD 


EQU 


025H 


CNCTL 


EQU 


0EDH 


CNIN 


ECU 


CCH 


CNOUT 


EQU 


OECH 
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Pi 
I 



COED 
CCCD 
3C03 

OOIB 
CC2F 
03FF 
OCCA 



CCCF 
CC7F 
2C2E 
C0B2 
C038 

C013 
0301 
flCFF 
CC04 
CC27 
0283 



CONST 


EOU 


CR 


EQU 


DATA 


EOU 


ESC 


EQU 


nCHAK 


ECU 


INVRT 


EQU 


LF 


EQU 


; LSGNOS 


MOFE 


EQU 


;M5TAK 


;::c>;ds 


KEWLN 


EQU 


PKTYO 


ECU 


RSGS 


ECU 


RBR 


EQU 


RSTU 


EQU 


; RTABS 


TEKK 


EQU 


TRDY 


ECU 


UPPER 


ECU 


TXEE 


EQU 


TTYADV 


ONEKS 


EQU 



0EDH 

0DH 

15*1024 

iDli 

GFii 

OFFH 

OAH 

ECU 

CCFH 

EQU 

ECU 

KFK 

7FK 

DATA+64- 

2 

38H 

EQU 

IBH 

1 

0FFH 

04H 

EQU 

131 



DEFINED LATER 



CONSOLE STATUS INPUT PORT 
CODE FOR CARRIAGE RETURN 
START OF MONITOR RAH USAGE 
CODE FOR ESCAPE CiiARACTER 

rO SELECT LOWER HEX CHAR FROM BYTE 
TO INVERT HALF BYTE FLAG 
FOR LINE FEED 

; LENGTH OF SIC'JOS KESGAGE 
;ET FOR USART INITIALIZATION 
; START OF «G;;iTOR STACK - DEFINED LATER 
; KU.'-:GER of VALID COXHANOS 
FOR CHECKING KEKOKY ADDR DISPLAY 
TO CLEAR PARITY BIT FRO.M CONSOLE CHAR 
LB ; START OF REGISTER SAVE AREA 
r XASK TO TEST RECEIVER STATUS 
; TRANSFER LCCATIOM FOR RST 7 IKSTKUCTION 

; SIZE OF EliTRY in RTAC TABLE 
t CODE FOR ICKD TERMINATING CHARACTER 
; MASK TO TEST TRANSMITTER STATUS 
; DENOTES UPPER HALF OF BYTE IN ICKD 
; USART TRANSMITTER BUFFER EMPTY 
nn ; TTY READER ADVANCE COKKAND 

; 1 MILLISECOND CONSTANT 



MASK 
MASK 
CODE 

MODE 



MASK 
MASK 



(ESCAPE) 



itititit**i(it*it*iiifk*ii**ifk*lt*i€*ir**it* 



*********************************** 



M0^3IT0R MACROS 



***************************************************************** 



TRUE MACRO ivHERE ; BRAKCii IF FUNCTION RETURNS TRUE (SUCCESS) 
JC WHERE 
ENDM 



FALSE MACRO WHERE ; BRANCH IF FUNCTION RETURNS FALSE (FAILURE) 
JNC WHERE 

ENDM 



***************************************************************** 



USART INITIALIZATION CODE 



I ***************************************************************** 
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7^ 



0000 3ECF 
0032 D3ED.. .. 
££■04 C33202 



0037 



0008 
0008 
0203 

ococ 

u 1 1> r 

0010 
0013 
0014 
BS17 
0018 
C01B 



0£ 



22343C 

El ' 

22363C 

F5 

210200 

39 

2238^0. 

Fl 

3134: 

C3B] 



THE UGART IS ASSUMED TO COME UP IN THE RESET POSITION (THIS 
FUNCTICN IS TAKEN" CARE OF BY THE KARDV.'ARE) . THE USART WILL 
BE ir:iTIALIZED IN THE SAME V.'AY FOR EITHER A TTY OR CRT 
IN'TEPvPACE. THE FOLLOWING PARAMETERS ARE USED: 

MODE INSTRUCTION 



2 STOP BITS 

PARITY DISABLED 

8 DIT CHARACTERS 

EAUD RATE FACTOR OF 64 

CG.'v-'.AN'D INSTRUCTION 



NO HUNT MODE 
;;OT(RTS) FORCED TO 
Ri;CEIVE ENABLED 
TRANSMIT EN'ABLED 

MVI A, MODE 

OUT CNCTL ; OUTPUT MODE SET TO USART "■ 

JMP INuST ; BRANCH TO COMPLETE USART INITIALIZATION 

NO? ; FILLER 

********A**]^*********«*Allr*********lk*******lk***«lk************A**** 

; 
RESTART ENTRY POINT 



GO: 



SHLD 


LSAVE 




POP 


H 




SHLD 


PSAVE 




PUSH 


PSW 




LXI 


H,2 




DAD 


S? 




SHLD 


SSAVE 




POP 


PSW 




LXI 


SP,ASAVE+1 


JM? 


AD ROUT 





SAVE HL REGISTERS 

GST TOP OF STACK ENTRY 

ASSUME THIS IS LAST P COUNTER 

SAVE A,F/F'S 

SET HL TO 2 SO THAT STACK POINTER SAVED CORRECTLY 

GET STACK POINTER VALUE 

SAVE USER'S STACK POINTER 

RESTORE A,F/F'S 

; NEW VALUE FOR STACK POINTER 



,************«****************•**************************«*** 
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1 



CCIE 

oeiE 
e '2 21 

C023 
2023 

SC24 
C027 
eC28 
£829 



0C2C 
CC2C 

C02F 
a031 
B334 

0038 
0036 
eSBB 



219533) 
0611 

4E 

CDESfCl) 
23 ^^ 
05 
C22^00) 



312E3C 




PRINT SIGNON MESSAGE 



**********il1r*********************i<************************** 



SOMSG: 



KSGL: 



LXI 

KOV 

CALL 

IKX 

OCR 



K,SGN"ON ; GET ADDRESS OF SIGKON MESSAGE 



CO 
H 
B 
MSGL 



; COUNTER FOR CHARACTERS IN MESSAGE 

FETCH NEXT GUAR TO C REG 
SEND IT TO THE CO:.'SOLE 
POIKT TO NEXT CHARACTER 
DECREMENT BYTE COUNTER 
RETURN FOR NEXT CHARACTER 



************************************ ir******** ******** ************ 



COMMAND RECOGNIZING ROUTINE 



***************************************************************** 

FUNCTION: GETCM 

INPUTS: NONE 

OUTPUTS: NONE 

CALLS: GETCH,EC;:0, ERROR 

DESTROYS: A,3 ,C ,H , L , F/F 'S 

DESCRIPTION: GETCM RECEIVES AN INPUT CHARACTER FROM THE USER 

A.';D ATTEMPTS TO LOCATE THIS CHARACTER IN ITS COMMAND 

character tacle. if successful, the routine 
ccrresfo;-;di:;g to this character is selected from 

A TABLE of COMMAND ROUTINE ADDRESSES, AND CONTROL 
IS TRANSFER'RED to this routine. if the CHARACTER 
DOES NOT MATCH ANY ENTRIES, CONTROL IS PASSED TO 
THE ERROR HANDLER. 



GETCM: 



LXI 



C33D3C V" 



KVI 


c, •.' 


CALL 


ECHO 


J.MP 


GTC03 


ORG 


RST0 


JMPy 


USRBR 



NOP 



SP.MSTAK ; ALWAYS KANT TO RESET STACK PTR TO MONITOR 

; /STARTIiNG VALUE SO ROUTINES NEEDN'T CLEAN U? 

; PROMPT CHARACTER TO C ' 

; SEND PROMPT CHARACTER TO USER TERMINAL 

; WANT TO LEAVE ROOM FOR RST BRANCH 

; ORG TO RST TRANSFER LOCATION 

; JUMP TO USER BRANCH LOCATION 

; FILLER 



0030 



GTC03: 
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I 

00 



603C 
003F 

C042 
0C'!3 
C046 
CG49 
0349 
0C4A 
C34D 
CC4E 
34? 
S3i2 
CC55 
GC55 

C05S 
23 59 
03 3A 

Li u :::■ l:. 
C0 5C 
C35D 
0O5E 



CD20|2) 
CDP9OT) 
79 

010803 
2138^ 

BE 

CA55@ 

23 

PD _^ 

C312@ 

21A6'@) 

09 
09 
7"E 
23 

66 

6? 
E9 



GTC05 



GTC10! 



CALL 
CALL 

MOV 
LXI 
LXI 

CMP 

J2 

IKX 

DCR 

JNZ 

JM? 

LXI 

DAD 
DAD 

y.ov 

I "» X 
MOV 
MOV 
FCHL 



GETCH 

ECHO 

A,C 

B.KCHDS 
H.CTAB 

M 

GTC10 

H 

C 

GTCOS 

ERROR 

H.CADR 

B 

B 

A,M 

K 

H,M 

L,A 



GET COMMAND CHARACTER TO A 

ECHO CHARACTER TO USER 

PUT COMMAND CHARACTER INTO ACCUMULATOR 

C CO^:TAINS LOOP AND INDEX COUNT 

HL POINTS INTO COMMAND TABLE 

COMPARE TABLE ENTRY AND CHARACTER 

DRANCiJ IF EQUAL - COMMAND RECOGNIZED 

ELSE, INCREMENT TABLE POINTER 

DECREMENT LOOP COUNT 

BRANCH IF NOT AT TABLE END 

ELSE, COMMAND CHAKACTER IS ILLEGAL 

IF GOOD COMMAND, LOAD ADDRESS OF TABLE 

/OF COMMAND ROUTINE ADDRESSES 

ADD WHAT IS LEFT OF LOOP COUNT 

ADD AGAIN - EACH ENTRY IN CADR IS 2 BYTES LONG 

GET LSP OF ADDRESS OF TABLE ENTRY TO A 

POINT TO NEXT BYTE IN TABLE 

GET MSP OF ADDRESS OF TABLE ENTRY TO H 

PUT LSP OF ADDRESS OF TABLE ENTRY INTO L 

NEXT INSTRUCTION COMES FROM COMMAND ROUTINE 



**********it*******-it********* 



*********** 



******************************* 



COMMAND IMPLEMENTING ROUTINES 



*Tk***ik**ik************ik*****lk***«^** ***************************** ******* 



FUNCTION: DCMD 

INPUTS: NONE 

OUTPUTS; NONE 

CALLS: ECHO, NM0UT,HIL0, GETCH, CROUT,GETNH 

DESTROYS: A, B ,C , D, E , H , L,F/F ' S 

DESCRIPTION: DCMD IMPLEMENTS THE DISPLAY MEMORY (D) COMMAND 



; GET TWO NUMBERS FROM INPUT STREAM 

; ENDING ADDRESS TO DE 

; STARTING ADDRESS TO HL 

; ECHO CARRIAGE RETURN/LINE FEED 

; DISPLAY ADDRESS 



J USE BLANK AS SEPARATOR 



005F 




DCMD: 




005F 


0EO2^^ 


MVI 


C,2 


0061 


CD5B|2) 


CALL 


GETNM 


0064 


Dl 


POP 


D 


0065 


El 


POP 


H 


0066 




DCM0 5: 




0066 


CDF3@ 


CALL 


CROUT 


B069 


CDA8|l) 


CALL 


ADRD 


006C 




DCM10: 




006C 


0E20 


MVI 


c,' • 


e0e£ 


CDFSM) 


CALL 


ECHO 
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fl071 

0372 
BC75 

0078 
C07B 



7E 

CDC2|2 
CDC2@ 

DA17@ 
CDA0S2) 



CC7E 1 DA17(S2 
C C S i 2 3 
0CS2 7D 
0CS3 E60F 



C085 
0068 



C366(S^ 



+ 
+ 



w 

f 




1 




eoen 




0083 


CD27@I 


1 


+ 


oesE 1 


d2ao;m> + 


CD91 


7A 


0392 


FECD 


CC94 


C212(0_2} 


CC97 


21363C 






0C9A 


71 "^ 


C39B 


23 


BC9C 
009D 


70 
C3A6(B0) 


eoAO 




eoAC 


7A 


COAl 


FEBD^_ 


C3A3 


0212(22) 


00A6 


{ 


O0A6 


C32T0?) 



» GET CONTENTS OF NEXT MEMORY LOCATION 
DISPLAY CONTENTS 
SEE IF USER WANTS OUT 
IF SO, BRANCH TO EXIT 

SEE IF ADDRESS OF DISPLAYED LOCATION IS 
/GREATER THAN OR EQUAL TO ENDING ADDRESS 
EXIT IF NO MORE TO DISPLAY 

IF MOKE TO GG, POINT TO NEXT LOG TO DISPLAY 

GET LOW ORDER BITS OF NEV; ADDRESS 

SEE IF LAST HEX DIGIT OF ADDRESS DENOTES 

/START OF NEW LINE 

NO - NOT AT END CF LINE 

YES - START NEW LINE WITH ADDRESS 



******«***************<i*******<rik*****i^***************irk<r*****<r**<r<r 



FL'NCTION: GCMD 

INPUTS: NONE 

OUTPUTS: NONE 

CALLS: ERROR, GETHX,RSTTF 

DESTROYS: A, D,C,D, E,K, L, F/F "S 

DESCRIPTION: GCMD IMPLEMENTS THE BEGIN EXECUTION (G) COMMAND. 



MOV 


A,M 


CALL 


NMOUT 


CALL 


BREAK 


TRUE 


EXIT 


JC 


EXIT 


CALL 


HILO 


TRUE 


EXIT 


JC 


EXIT 


I NX 


H 


MOV 


A,L 


AN I 


NEVJLN 


JN2 


CCM10 


jy.p 


DCMSS 



GCMD: 



GCM05; 



CALL 


GETHX 


FALSE 


GCMC5 


JNC 


GCM05 


MOV 


A,D 


CPI 


CR 


J2s-Z 


ERROR 


LXI 


H.PSAVE 


MOV 


M,C 


I NX 


K 


MOV 


K,B 


JKP 


GCH10 


MOV 


A,D 


CPI 


CR 


JNZ 


ERROR 



GCH10: 



JMP 



RSTTF 



GET ADDRESS {IF PRESENT) FROM INPUT STREAM 
BRANCH IF NO NUMBER PRESENT 

ELSE, GET TERMINATOR 

SEE IF CARRIAGE RETURN 

ERROR IF NOT PROPERLY TERMINATED 

WANT NUMBER TO REPLACE SAVE PGM COUNTER 



IF NO STARTING ADDRESS, MAKE SURE THAT 
/CARRIAGE RETURN TERMINATED COMMAND 
ERROR IF NOT 

RESTORE REGISTERS AND BEGIN EXECUTION 
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I 



SEA9 
C3A9 

f^ ^ *. ZJ 



e£0i 

CD5e|2) 

3EFF 

323A3C 



eC54 

r> ,-> -■ ^ 

CC37 

CC33 
eCBD 

ecco 

3CC3 
03C6 

CCC9 
C3CC 

CCCF 

r> n r '^ 

u t J J. 

CCD7 



CCL3 

CCDD 

L/ i_ W 

eSE3 
SCE3 
CCE6 
0C£S 
SCE9 
0BEC 



CD2C(52) 

79 '^ 

"ElB 
CAE9(P3 
CD8 2;^ ' 

1 r.AD4@ 
CD6703) 

1 D2E30£) 
CDDFBp 
4F "" 
CD48@ 
3A3A3£ 
37 

C2nq;^ 

15 

EEFF 

323A3C 

C334(^ 

CC3r@ 
C312(|^ 

CD3dQ 
C317teD 



function: ickd 

inputs: none 

Outputs : none 

calls: error, echo, getch,valdr-,valdg,cnvbn,sthlf,getnm,crout 

destkovs : a , e , c , d , e , h , l , f/f ' s 

desc?iption: icmd implements tsie insert code into memory (i) command. 



ICMD: 



ICKG5: 



+ 
+ 






ICM2C: 



ICM25: 



MVI 


0,1 


CALL 


GETNM 


y.vi 


A, UPPER 


STA 


TEXP 


?G? 


D 


CALL 


GETCil 


CALL 


ECHO 


;-;ov 


A,C 


CFI 


TERM 


JZ 


ICM2 5 


CALL 


VALDL 


TRUE 


ICV05 


JC 


ic;-;0 5 


CALL 


VALDG 


FALSE 


I CM 2 


JNC 


ICM20 


CALL 


CNVBN 


MOV 


C,A 


CALL 


STKLF 


LDA 




OF A 


A 


JN2 


ICM10 


I NX 




XRI 


INVRT 


STA 


te;;? 


JMP 


I CMC 5 


CALL 


STHF0 


JK? 


ERROR 


CALL 


STfiFO 


J MP 


.EXIT 



GET SINGLE NUMBER FROM INPUT STREAM 

TEMP V.'ILL HOLD THE UPPER/LOWER HALF BYTE FLAG 
ADDRESS OF START TO DE 

GET A CHARACTER FROM INPUT STREAM 

ECiiO IT 

PUT CHARACTER BACK INTO A 

SEE IF CHARACTER IS A TERMINATING CHARACTER 

IF SO, ALL DCNE ENTERING CHARACTERS 

ELSE, SEE IF VALID DELIMITER 

IF SO SIMPLY IGNORE THIS CHARACTER 

ELSE, CHECK TO SEE IF VALID HEX DIGIT 
IF NOT, BRANCH TO HANDLE ERROR CONDITION 

CONVERT DIGIT TO BINARY 

MOVE RESULT TO C 

STORE IN APPROPRIATE HALF WORD 

GET HALF BYTE FLAG 

SET F/F'S 

BRANCH IF FLAG SET FOR UPPER 

IF lcv;er, i:ic address of byte to store IK 

TQGGI.E STATE OF FLAG 

PUT NEW VALUE OF FLAG BACK 

PROCESS NEXT DIGIT 

ILLEGAL CHARACTER 

MAKE SURE ENTIRE BYTE FILLED THEN ERROR 

HERE FOR ESCAPE CHARACTER - INPUT IS DONE 



***************************************************************** 



FUNCTION: KCMD 



OUTPUTS: NONE 

CALLS: GETCH, KILO, GETNM 
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DESTROYS: A,B,C ,D, E,H, L, F/F ' S 

DESCRIPTION: MC.MD IMPLEMENTS THE MOVE DATA IN MEMORY (M) COMMAND. 



0CEF 



MCMD: 





eecF 


OE03 




C5F1 


CD5b42) 

CI '"-^ 




O0F4 




SCFS 


El 




0CF6 


Dl 




0CF7 






CCF7 


E5 




CCF8 


62 




ccFg 


63 




C S FA 


7£ 




C3FB 


60 




CCFC 


69 




CCFD 


77 




OOfE 


03 




3FF 


78 




o:co 


El ^-^ 




ClCl 


CA2C(O0) 




eic.4 


13 ^ 




0105 


El _^ 


m 


01C6 


CDAO:02) 


1 


1 ~ + 




0109 1 D22C(^ + 




DISC 


C3F7lp3) 



MCH0 5: 



KVI 


C,3 


CALL 


GETNM 


POP 


D 


POP 


H 


POP 


D 


PUSH 


K 


y.ov 


K,D 


MOV 


L,E 


MOV 


A , K 


MOV 


H,3 


MOV 


L,C 


MOV 


M , A 


I NX 


B 


MOV 


A,B 


OKA 


C 


J2 


GETCM 


I NX 


D 


PGP 


H 


CALL 


HILO 


FALSE 


GETCM 


JNC 


GETCM 


JMP 


MCM0 5 



GET 3 NUMBERS FROM INPUT STREAM 
DESTINATION ADDRESS TO BC 
ENDING ADDRESS TO HL 
STARTING ADDRESS TO DE 

SAVE ENDING ADDRESS 

SOURCE ADDRESS TO HL 
GET SOURCE BYTE 

DESTINATION ADDRESS TO liL 
MOVE BYTE TO DESTINATION 
INCREMENT DESTINATION ADDRESS 

TEST FOR DESTINATION ADDRESS OVERFLOW 
IF SO, CAN TERMINATE COMMAND 
INCREMENT SOURCE ADDRESS 
ELSE, GET BACK ENDING ADDRESS 
SEE IF ENDING ADDR>=SOURCE ADDR 
IF NOT, COMMAND IS DONE 

HOVE ANOTHER BYTE 



****tiiL*i,*t,***************H(**t******ifl,**1,**ii*ii*****ii************** 



FUNCTION: SCMD 

I!\PuTS : NONE 

OuTPUTS: NONE 

CALLS : GETEX , GETCM ,KMOUT>, ECHO 

DESTROYS: A, B ,C , D, E , H , L , F/F ' S 

DESCRIPTION: SCMD IMPLEMENTS TJIE SUBSTITUTE INTO MEMORY (S) COMMAND. 



eicF 


CD27^ 
C5 ^ 


SCMD: 






C10F 




CALL 


GETKX 


S112 




PUSH 


B 


0113 


El 




POP 


H 


0114 




SCMC5 


J 




C114 


7A 




MOV 


fi,D 


6115 


FE20_ 




CPI 


t 1 


C117 


FE2C'X 




J2 


SCM10 


OllA 




CPI 


1 1 


BilC 


C22C@ 




JN2 


GETCM 


OllF 


SCK10 


* 




SllF 


7" 




MrtV 


& M 



GET A NUMBER, IF PRESENT, FROM INPUT 

GET NUMBER TO HL - DENOTES MEMORY LOCATION 

GET TERMINATOR 

SEE IF SPACE 

YES - CONTINUE PROCESSING 

ELSE, SEE IF COMMA 

NO - TERMINATE COMMAND 

; GET CONTENTS OP SPECIFIED LOCATION TO A 
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m 



C12 
C12 
C12 

ei2 



CDC2(P2 

eE2D 

CDFS(| 

00271 



0123 
C12E 
212? 
0I2r 
0133 



71 



0133 
0133 
0136 
E139 

C13C 



C145 

C145 

C149 

ei4A 

C14B 
ei4D 
0150 
0151 
C154 
0154 
0157 
C159 
CISC 
0i5E 
C161 
0161 
0162 
3163 
0166 



2 3 r-^ 



3A3A^ 

FE2S 

CA61<|p" 

FE2C 

C22C^ 

7E 

E5 " 



SCM15: 



CALL 


NMOuT 


MV I 


C,'-" 


CALL 


ECHO 


CALL 


GETHX 


FALSE 


SCKiS 


JNC 


SCM15 


.•-;ov 


K,C 


I NX 


u 


J .MP 


SCM0 5 



DISPLAY CONTENTS ON CONSOLE 

USE DASH FOR SEPARATOR 

GET KE'W VALUE FOR MEKORY LOCATION, IF ANY 

IF :;0 VALUE PRESENT, BRANCH 

; ELSE, STORE LOWER G BITS OF NUy.BER ENTERED 

; INCREMENT ADDRESS OF ME^iORY LOCATION TO VIEW 



A*****************-*********************************************** 



FUNCTION: XC^iD 
INPUTS: NONE 
OUTPUTS: NONE 

CALLS : GETCK , ECHO , REGDS , GETCK , ERROR , RGADR , NMOUT , CKOUT , GETHX 
DESTKC YS : A , E , C, D , E , K , L , F/F ' S 

DESCRIPTION: XCKD ly.PLEKENTS THE REGISTER EXAMINE AND CHANGE (X) 
COMMAND . 



XCMD: 



XCME5: 



XCKlO 



xr«15: 



CALL 


GETCH 


CALL 


ECHO 


KOV 


A,C 


CPI 


CR 


JN2 


XCK0 5 


CALL 


REGDS 


jyp 


GETCM 


KCV 


C,A 


"^/■i j_i L< 


RGADR 


PUSH 


E 


?0? 


K 


.'•:vi 


C,' ' 


CALL 


ECHO 


KCW 


A,C 


f.TA 


TEMP 


LDA 


TEMP 


CPI 


1 1 


JZ 


XCKIS 


CPI 


1 f 


JNZ 


GETCM 


MOV 


A,M 


ORA 


A 


vZ 


EXIT 


PUSH 


H 



GET REGISTER IDENTIFIER 
ECHO IT 



ERANCH IF NOT CARRIAGE RETURN 
ELSE, DISPLAY REGISTER CONTENTS 
THEN TERMINATE COMMAND 

GET REGISTER IDEN'TIFIER TO C 

CONVERT IDENTIFIER INTO RTAB TABLE ADDR 

PUT POINTER TO REGISTER ENTRY INTO HL 

ECHO SPACE TO USER 

PUT SPACE INTO TEMP AS DELIMITER 

GET TERMINATOR 

SEE IF A BLANK 

YES - GO CHECK POINTER INTO TABLE 

NO - SEE IF COMMA 

NO - MUST BE CARRIAGE RETURN TO END COMMAND 



SET F/F'S 

BRANCH IF AT END OF TABLE 

PUT POINTER ON STACK 
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PI 
1 



C167 
BicS 
01 £A 
E:63 
C16C 

ei6D 

016E 



I© 

<o 

D5 
D5 

El 



CI 71 
D174 
0175 
C176 
0177 
£]7A 
01" 3 

ei7c 

B17F 
C17F 

OlSl 
0184 

C187 
018A 
C16H 
OlSE 
OlcF 
6190 
0191 
CI 94 
31S5 
0196 
0196 
0197 
0197 
019A 
ei9B 
C19C 
fll9F 
C19F 
fllAC 

aiA3 

01A4 
01A5 



CrC20 2 

Fl '^-- 

F5 

E7 ,-^ 

CA7F01 

23 '-' 
7E . -, 
CDC 26 2) 

BE2D 
CDF9(|i 
CD2 7p2i 

1 y 

1 D29P02 
7A '^ 
3 2 3A3C 
Fl *" 

El 
E7 

cA9aoI) 

70 ^ 
2B 

71 

110300 
El 

C35<ei^i 

7A 

323A3C 

Dl 

C39Yall 



XCM20: 



y.ov 

HVI 

IKX 

MOV 

PUSH 

PUSH 

PC? 

PUSH 

KOV 

CALL 

PGP 

PUSH 

ORA 

JZ - 

DCX 

."■•.ov 

CALL 

MVI 

CALL 

CALL 

FALSE 

JNC 

KOv 

STA 

POP 

POP 

ORA 

JZ 

.\0V 

DCX 



E,M 

D,DATA SHR 8 

H 



XCM2 5; 
XCM27; 

XCM30: 



KOV 

LXI 

POP 

DAD 
JKP 

KOV 
STA 
POP 
POP 
JKP 



B,M 

D 

D 

H 
B 

A,;-i 

X'MOUT 

PSW 

PSW 

A 

XCM20 

H 

A,K, 

NKOUT 

C, '- ' 

ECHO 

GETHX 

XCM33 

XCM32 

A,D 

TEMP 

PSW 

H 

A 

XCM25 

X,B 

H 

M,C 

D,RTABS 

H 

D 

XCMIC 

A,D 
TEMP 
D 
-D 
XCM27 



; FETCH ADDRESS OF SAVE LOCATION FROM 

; /TABLE 
FETCH LENGTH FLAG FROM TABLE 
SAVE ADDRESS OF SAVE LOCATION 



MOVE ADDRESS TO HL 

SAVE LEXGTH FLAG 

GET 8 BITS OF REGISTER FROM SAVE LOCATION 

DISPLAY IT 

GET BACK LEN'GTH FLAG 

SAVE IT AGAIN 

SET F/F'S 

IF 8 BIT REGISTER, NOTHING MORE TO DISPLAY 

ELSE, FOR 16 BIT REGISTER, GET LOWER 8 BITS 

DISPLAY THEM 



USE DASH AS SEPARATOR 

SEE IF THERE IS A VALUE TO PUT INTO REGISTER 

NO - GO CHECK FOR NEXT REGISTER 



ELSE, SAVE THE TERMINATOR FOR NOW 

GET BACK LENGTi! FLAG 

PUT ADDRESS OF SAVE LOCATION INTO HL 

SET F/F'S 

IF 8 BIT REGISTER, BRANCH 

SAVE UPPER 6 BITS 

POINT TO SAVE LOCATION FOR LOWER 8 BITS 

STORE ALL CF 8 BIT OR LOWER 1/2 OF 16 BIT REG 

SIZE OF ENTRY IN RTAB TABLE 
POINTER INTO REGISTER TABLE RTAB 
ADD ENTRY SIZE TO POINTER 
DO NEXT REGISTER 

GET 'TERMINATOR 

SAVE IN MEMORY 

CLEAR STACK OF LENGTH FLAG AND ADDRESS 

/OF SAVE LOCATION 

GO INCREMENT REGISTER TABLE POINTER 



***************************************************************** 



UTILITiT ROUTINES 
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PI 
1 



01A8 




01AS 


7C ,^ 


01A9 


CDC2,''02) 


01 AC 


7D ""-^ 


01AD 


CDC 2(6^ 
C9 ^-'•' 


0130 



ClBl 
ClDl 
2132 
C1B3 
01E4 
C1E5 
C1E9 
0130 
OlBf 



F5 

C5 

D5 

e£23 

CDF9(y) 

2A363£. 

CDA8(FB 

C3i7ffi2) 



***************************************************************** 
***************************************************************** 

FUN'CTION ADRD 

INPUTS: KL - ADDRESS TO BE DISPLAVED 
OUTPCTS: KONE 
CALLS: KMOUT 
DESTF.OYS: A 

DESCRIPTION: ADRD OUTPUTS TO THE CONSOLE THE ADDRESS 
CONTAINED IK THE H,L REGISTERS. 

ADRD: 

; DISPLAY FIRST HALF OF ADDRESS 

; DISPLAY SECOND HALF OF ADDRESS 

; RETURN TO CALLING ROUTINE 

***************************************************************** 



FUNCTION ADROUT 

INPUTS: USER REGISTERS ON THE STACK 

OUTPUTS: NOTHING 

CALLS: ECHO, ADRD 

DESTROYS : A , 5 , C, D , E , K , L , F/F ' S 

DESCRIPTION: AEFOUT EAVES THE USER REGISTERS AND OUTPUTS TO THE 

CONSOLE THE USER P COUNTER AFTER A RST 1 INSTRUCTION. 



MOV 


A,H 


CALL 


NMOUT 


MOV 


A,L 


CALL 


NMOUT 


RET 





ADROUT ; 



PUSH 


F S W ; 


PUSH 


E 


PUSH 


D 


i-'iVI 


C's' 


CALL 


ECHO 


LHLD 


P5AVE ; 


CALL 


ADRD 


JMP 


EXIT 



SAVE A AND FLAGS 
SAVE B AND C 
SAVE D AND E 

OUTPUT ' # ' 
LOAD USER P COUNTER 
DISPLAY ADDRESS 
GET NEW COMMAND 



FUNCTION: BREAK 

INPUTS: NONE 

OUTPUTS: CARRY - 1 IF ESCAPE CHARACTER INPUT 

- IF ANY OTHER CHARACTER OR NO CHARACTER PENDING 
CALLS: NOTHING 
DESTROYS: A,F/F'S 
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P3 
1 



01C2 
01C2 
fllC4 
01C6 
C1C9 
eiC3 

eicD 

01C? 
01D2 



01D5 
S1D5 
01D7 
2iD9 
OlDC 
01DE 



DEED 
E6B2 ,.^ 

caid'b'I 




DBED 
Ed32 
CAD^^ 
DBEC"— "^ 
C9 



DESCRIPTION: 



BREAK: 



break is used to sense an escape character from 
the user. if no character is pending, or if the 
pending character is not the escape, then a failure 
return {carry=0) is taken. in this case, the 
pe;;ding character (if any) is lost, if the pending 
character is an escape character, break takes a success 
return (carrv=1). 



GET CONSOLE STATUS 

SEE IF CHARACTER PENDING 

NO - TAKE FAILURE RETURN 

YES - PICK UP CilARACTER 

STRIP OFF PARITY BIT 

SEE IF BREAK CHARACTER 

YES - SUCCESS RETURN 

NO - FAILURE RETURN - CHARACTER LOST 



****-k***-k**-k-k-k-ki,i,1i1i1,1,i,iii,-liiii,i,wi,i,iiiii****1i1i**1i*****1i**************** 



FUNCTION: CI 

INPUTS: NONE 

OUTPUTS: A - CHARACTER FROM CONSOLE 

CALLS: NOTHING 

DESTROYS: A,F/F'S 

DESCRIPTION: CI V.'AITS UNTIL A CHARACTER HAS BEEN ENTERED AT THE 
CONSOLE AND THEN RETURNS THE CHARACTER, VIA THE A 
REGISTER, TO THE CALLING ROUTINE. THIS ROUTINE 
IS CALLED BY THE USER VIA A JUMP TABLE IN RAM. 



IN 


CONST 


AN I 


RBR 


JZ 


FRET 


IN 


CNIN 


ANI 


PP.TY0 


cpi- 


BRCHR 


JZ 


SRET 


JMP 


FRET 



Cl! 



IN 


CONST 


ANI 


RBR 


JZ 


CI 


IN 


CNIN 


RET 





GET STATUS 0? CONSOLE 

CHECK FOR RECEIVER BUFFER READY 

not' yet - WAIT 

READY SO GET CHARACTER 



****************************************************************** 



FUNCTION: CNVDN 

INPUTS: C - ASCII CHARACTER '0'-'9' OR "A'-'F" 

OUTPUTS: A - TO F HEX 

CALLS: NOTHING 

DESTROYS: A,F/F'S 

DESCRIPTION: CHVBN CONVERTS THE ASCII REPRESENTATION OF A HEX 

CHARACTER INTO ITS CORRESPONDING BINARY VALUE. CNVBN 
DOES NOT CHECK THE VALIDITY OF ITS INPUT. 
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OlDF 




CNVBN 


: 




21DF 


79 


> 


MOV 


A,C 


eiEO 


D630 




SUI 


•0' 


31E2 


FEOA 




cpi ■ 


10 


01E4 


F8 




RM 




C1E5 


D607 




SUI 


7 


01E7 


C9 




EET 







01E8 




CO: 








01E8 


DEED 




IN 


CONST 


m 


01EA 


E631 




AN I 


TRDY 




01EC 


CAESiBl) 




J3 


CO 




SIEF 


79 ^^ 




MOV 


A,C 




CIFO 


D3EC 




OUT 


CNOUT 




C1F2 


C9 




RET 





SUBTRACT CODE FOR ' ' FROM ARGUMENT 

V.'ANT TO TEST FOR RESULT OF TO 9 

IF SO, THEN" ALL DONE 

ELSE, RESULT BETVfEEN 17 AND 23 DECIMAL 

SO RETURN AFTER SUBTRACTING BIAS OF 7 



********»*********i***************************************iiiiii*1iiiii*1i*** 



FUNCTION: CO 

INPUTS: C - CHARACTER TO OUTPUT TOtCONSOLE 
OUTPUTS: C - CHARACTER OUTPUT TO CONSOLE 
CALLS: NOTHING 
DESTROYS: A,F/F'S 

DESCRIPTION: CO WAITS UNTIL THE CONSOLE IS READY TO ACCEPT A CHARACTER 
AND THEN SENDS THE INPUT ARGUMENT TO THE CONSOLE. 



GET STATUS OF CONSOLE 

SEE IF TRANSMITTER READY 

NO - WAIT 

ELSE, MOVE CHARACTER TO A REGISTER FOR OUTPUT 

SEND TO CONSOLE 



«*********************************«***************************<:** 



FUNCTION GROUT 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: ECHO 
DESTROYS: A,B,C,F/F'S 

DESCRIPTION: CROUT SENDS A CARRIAGE RETURN (AND HENCE A LINE 
FEED) TO THE CONSOLE. 



01F3 

C1F3 0E0D 

01P5 CDF9r0l) 

01F8 C9 ^^ 



CROUT: 



MVI C,CR 
CALL ECHO 
RET 



; OUTPUT CARRIAGE RETURN TO USER TERMINAL 



******************************************************************* 



fukCtiO."^: echo 



81380 MACRO ASSEMBLER, VER 2.4 ERRORS = PAGE 16 

80/10 MONITOR, VERSION 1.1, 1 NOVEMBER 1976 



r 



01F9 
01F9 
El FA 
01FC 
eiFD 
C200 
0202 
0202 
0205 
0207 
C208 
C2C3 
020D 
0210 
0210 
0211 



41 

3E1B 

B8 

C 2 2iO 2) 

CDE8(Bi) 
SEED 

EC 

C 210^2) 

CE0A 

CDC8(0l) 

48 
C9 



CHARACTER TO ECHO TO TERMINAL 
- CHARACTER ECHOED TO TERMINAL 



INPUTS: C - 

OUTPUTS: C 

CALLS: CO 

DESTROYS: A,B,F/F'S 

DESCRIPTION: ECHO TAKES A SINGLE CHARACTER AS INPUT AND, VIA 
THE MONITOR, SENDS THAT CHARACTER TO THE USER 
TERMINAL. A CARRIAGE RETURN IS ECHOED AS A CARRIAGE 
RETURN LINE FEED, AND AN ESCAPE CHARACTER IS ECHOED AS $. 



ECHO: 



ECK05J 



ECH10: 



MOV 


B,C 


KVI 


A, ESC 


C.'-.? 


B 


JK2 


ECH05 


MVI - 


C,"$' 


CALL 


CO 


KVI 


A,CR 


CMP 


B 


JNZ 


ECK10 


MVI 


C,LF 


CALL 


CO 


MOV 


C,B 


RET 





SAVE ARGUMENT 

SEE IF ECHOING AN ESCAPE CHARACTER 
NO - BRANCH 
YES - ECHO AS S 

; DO OUTPUT THROUGH MONITOR 

SEE IF CHARACTER ECHOED V?AS A CARRIAGE RETURN 
NO - NO NEED TO TAKE SPECIAL ACTION 



J RESTORE ARGUMENT 



********************************************************************** 



FUNCTION: ERROR 

INPUTS: NONE 

OUTPUTS : NONE 

CALLS: ECHCCROUT.GETCM 

DESTROYS: A,B,C,F/F'S 

DESCRIPTION: ERROR PRINTS "THE ERROR CHARACTER (CURRENTLY AN ASTERISK) 
ON TEE CONSOLE, FOLLOWED BY A CARRIAGE RETURN-LINE FEED, 
AND THEN RETURNS CONTROL TO THE COMMAND RECOGNIZER. 



0212 




ERROR: 




0212 


0E23_ 


MVI 


C.'i' 


0214 


CDF9^ 


CALL 


ECHO 


0217 




EXIT: 




0217 


CDF3(Q 


CALL 


CROUT 


e21A 


C32C^a) 


JMP 


GETCH 



; SEND i TO CONSOLE 

; SKIP TO BEGINNING OF NEXT LINE 
J TRY AGAIN FOR ANOTHER COMMAND 



********************************************************************* 



function: lutiT 
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021D 

02ID 37 

021E 3F 

e21F C9 



I 



CO 



0220 
0223 

0223 
0225 
0226 



CDDS/Ol) 
E67F^^ 
4F 
C9 



IKPUTS: NONE 

OUTPUTS: CARRY - ALWAYS 

CALLS: NOTHING 

DESTROYS: CARRY 

DESCRIPTION: FRET IS JUMPED TO BY ANY ROUTINE THAT WISHES TO 
INDICATE FAILURE ON RETURN. FRET SETS THE CARRY 
FALSE, DENOTING FAILURE, AND THEN RETURNS TO THE 
CALLER OF THE ROUTINE INVOKING FRET. 



FRET: 



STC 
CMC 

RET 



FIRST SET CARRY TRUE 

THEN COMPLEMENT IT TO MAKE IT FALSE 

RETURN APPROPRIATELY 



********************************************************************** 



FUNCTION: GETCH 

INPUTS: NONE 

OUTPUTS: C - NEXT CHARACTER IN INPUT STREAM 

CALLS: CI 

DESTROYS; A,C,F/F'S 

DESCRIPTION: GETCH RETURNS THE NEXT CHARACTER IN THE INPUT STREAM 



TO THE CALLING PROGRAM. 



GETCH: 



CALL 


CI 


AN I 


PRTY0 


MOV 


C,A 


RET 





GET CHARACTER FROM TERMINAL 

TURN OFF PARITY BIT IN CASE SET BY CONSOLE 

PUT VALUE IN C REGISTER FOR RETURN 



********************************************************************** 



FUNCTION: GETHX 

INPUTS: NONE 

OUTPUTS: EC - 16 BIT INTEGER 

D - CHARACTER WHICH TERMINATED THE INTEGER 
CARRY - 1 IF FIRST CHARACTER NOT DELIMITER 
- IF FIRST CHARACTER IS DELIMITER 

CALLS : GETCH , ECHO , VALDL , VALDG , CNVBN , ERROR 

DESTROYS: A,B,C,D, E,F/F 'S 

DESCRIPTION: GETHX ACCEPTS A STRING OF HEX DIGITS FROM THE INPUT 
STREAM AND RETURNS THEIR VALUE AS A 16 BIT BINARY 
INTEGER. IF MORE THAN 4 HEX DIGITS ARE ENTERED, 
ONLY THE LAST 4 ARE USED. THE NUMBER TERMINATES WHEN 
A VALID DELIMITER IS ENCOUNTERED. THE DELIMITER IS 
ALSO RETURNED AS AN OUTPUT OF THE FUNCTION. ILLEGAL 
CHARACTERS (NOT HEX DIGITS OR DELIMITERS) CAUSE AN 
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I 



yo 




GETKX: 



GHX05: 



+ 
+ 



GHX10: 



+ 
+ 



PUSH 
LXI 

MVI 

CALL 

CALL 

CALL 

FALSE 

JNC 

KOV 

PUSH 

POP 

POP 

KOV 

ORA 

j:iz 

JZ 

CALL 

FALSE 

JNC 

CALL 

MVI 

DAD 

DAD 

DAD 

DAD 

MVI 

KOV 

DAD 

JMP 



ERROR INDICATION. IF THE FIRST (VALID) CHARACTER 
ENCOUNTERED IN THE INPUT STREAM IS KOT A DELIMITER, 
GETHX WILL RETURN WITH THE CARRY BIT SET TO 1; 
OTHERWISE, THE CARRY BIT IS SET TO AND THE CONTENTS 
OF BC ARE UNDEFINED. 



H 

H,3 

E,0 

GETCH 

ECHO 

VALDL 

GHX10 

GHX10 

D,C 

H 

B 

a 

A,E 
A 

SRET 
FRET 

VALDG 

ERROR 

ERROR 

CNVCN 

E,OFFH 

H 

U 

H 

K 

B,0 

C,A 

B 

GHX05 



SAVE HL 

INITIALISE RESULT 

INITIALISE DIGIT FLAG TO FALSE 

GET A CL'ARACTER 
ECHO THE CHARACTER 
SEE IF DELIMITER 
NO - BRANCH 

YES - ALL DONE, BUT WANT TO RETURN DELIMITER 

MOVE RESULT TO BC 

RESTORE HL 

GET FLAG 

SET F/F'S 

IF FLAG NON-0, A NUMBER HAS BEEN FOUND 

ELSE, DELIMITER WAS FIRST CHARACTER 

IF NOT DELIMITER, SEE IF DIGIT 
ERROR IF NOT A VALID DIGIT, EITHER 

CONVERT DIGIT TO ITS BINARY VALUE 

SET DIGIT FLAG NON-0 

*2 

*•; 

*8 

*1d 

CLE^fiR UPPER 8 BITS OF BC PAIR 
BINARY VALUE OF CHARACTER INTO C 
ADD THIS VALUE TO PARTIAL RESULT 
GET NEXT CHARACTER 



************************* **«**************ir**4r**** *************** 

FUNCTION: GETNM 

INPUTS J C - COUNT OF NUMBERS TO FIND IN INPUT STREAM 

OUTPUTS: TOP OF STACK - NUMBERS FOUND IN REVERSE ORDER (LAST ON TCP 

OF STACK) 
CALLS: GETHX, HILO, ERROR 
DESTROYS: A,B,C,D,E,H,L,F/F 'S 

DESCRIPTION: GETNM FINDS A SPECIFIED COUNT OF NUMBERS, BET;'}EEN 1 
AND 3, INCLUSIVE, IN THE INPUT 
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W 
1 

N5 
O 



B25B 




GETNM 


: 




0253 


2E03 




MVI 


L,3 ; 


025D 


79 




MOV 


A,C 


e25E 


E6C3 




AN I 


3 ; 


2260 


C8 




RZ 


/ 


0251 


67 




MOV 


H,A 


e262 




GNK05 


; " 




E262 


0027^2) 
1 X 




CALL 


GETI3X ; 




+ 


FALSE 


ERROR 


0265 


1 D212^ 
Q5 ^-^ 


+ 


oNC 


ERROR 


E268 




PUSH 


B ; 


0269 


2D 




DOR 


L 


e26A 


25 ,^ 




DCR 


H r 


C263 


CA77(02) 
7A ^ 




J2 


GKMie 


026E 




MOV 


A,D ; 


e26F 


FEOD 




CPI 


CR • ; 


0271 


CA12ra2 




JZ 


ERROR ; 


0274 


0362^ 




JMP 


GNH05 ; 


0277 




GNM10 


I 




8277 


7A 




MOV 


A,D 


0278 


F£0O 




CPI 


CR 


027A 


C212@ 




JN2 


ERROR J 


C27D 


OlFFFF 




LXI 


B,CFFFFH 


0280 


7D 




MOV 


A,L ; 


0261 


CA8A(0^ 




ORA 


A ; 


0282 




JZ 


GNM20 


0255 




GNM15 


: • 




0285 


C5 




PuSH 


3 


0286 


2D ^^ 
C285(0^ 




DCR 


L 


C2S7 




JNZ 


GNM15 


028A 


GNM20 


; 




023A 


CI 




POP 


B ; 


0283 


Dl 




POP 


D 


02SC 


El ^ 




POP 


H 


028D 


CDAS^ 




CALL 


HILO 




+ 


FALSE 


GNM25 ; 


3 293 


1 D29S(p) 
54 ^^ 


+ 


JNC 


GNM25 


0293 




MOV 


D,H 


0294 


5D 




MOV 


E,L 


0295 




GNM25 


: 




0295 


E3 




XTHL 


* 

r 


0296 


D5 




PUSH 


D 


0297 


C5 




PUSH 


B ; 


0293 


E5 




PUSH 


H 



STREAM AND RETURNS THEIR VALUES ON THE STACK. IF 2 
OR MORE NUMBERS ARE REQUESTED, THEN THE FIRST MUST BE 
LESS THAN OR EQUAL TO THE SECOND, OR THE FIRST AND 
SECOND NUMBERS KILL BE SET EQUAL. THE LAST NUMBER 
REQUESTED MUST EE TERMINATED BY A CARRIAGE RETURN 
OR AN ERROR INDICATION WILL RESULT. 



PUT MAXIMUM ARGUMENT COUNT INTO L 
GET THE ACTUAL ARGUMENT COUNT 
FORCE TO MAXIMUM OF 3 
IF 0, DON'T BOTHEP TO DO ANYTHIING 
ELSE, PUT ACTUAL COUNT INTO H 

GET A NUMBER FROM INPUT STREAM 
ERROR IF HOT THERE - TOO FEW NUMBERS 

ELSE, SAVE NUMBER ON STACK 
DECREMENT MAXIMUM ARGUMENT COUNT 
DECREMENT ACTUAL ARGUMENT COUNT 
BRANCH IF NO MORE NUMDERS WANTED 
ELSE, GET NUMBER TERMINATOR TO A 
SEE IF CARRIAGE RETURN 
ERROR IF SO - TOO FEW NUMBERS 
ELSE, PROCESS NEXT NUMBER 

WHEN COUNT 0, CHECK LAST TERMINATOR 

ERROR IF NOT CARRIAGE RETURN 

; HL GETS LARGEST NUMBER 
GET WHAT'S -LEFT OF MAXIMUM ARG COUNT 
CHECK FOR 
IF YES, 3 NUMBERS WERE INPUT 

IF NOT, FILL REMAINING ARGUMENTS WITH BFFFFH 



; GET THE 3 ARGUMENTS OUT 



SEE IF FIRST >= 
; NO - BRANCH 



SECOND 



YES. - MAKE SECOND EQUAL TO THE FIRST 

PUT FIRST ON STACK - GET RETURN ADDR 

PUT SECOND ON STACK 

PUT THIRD ON STACK 

PUT RETURN ADDRESS ON STACK 
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C299 



GNM30: 



i 



0299 


3D 


DCR 


A 


029A 


F8 


RH 




029B 


El 


POP 


H 


029C 


E3 ^^ 


XTHL 




029D 


C3SSr'02) 


JMP 


GNM30 



e2AD 
02AO 
2A1 
e2A2 
2 A3 
e2A4 
C2A5 
C2A6 
2A7 
02AA 
e2AB 
C2AC 
02AD 
C2AE 
2AF 
02AF 
02EO 
02B1 






C5 

47 

23 

7C 

B5 

2B 

37 

CAAF(02'^ 

7D 

93 

7C 

9A 

3F 

78 
CI 
C9 






DECREr-5ENT RESIDUAL COUNT 

IF NEGATIVE, PROPER RESULTS ON STACK 

ELSE, GET RETURN ADDR 

REPLACE TOP RESULT WITH RETURN ADDR 

TRY AGAIN 



*********-* *****'******«'Tk ****************************************** 



FUNCTION: HILO 
INPUTS: DE - 16 BIT INTEGER 
KL - 16 BIT INTEGER 
OUTPUTS: CARRY - IF KL<DE 

- 1 IF HL>=DE 
CALLS: NOTHING 
DESTROYS: A,F/F'S 

DESCRIPTION: HILO COMPARES THE 2 16 BIT INTEGERS IN HL AND DE. THE 
INTEGERS ARE TREATED AS UNSIGNED NUMBERS. THE CARRY 
BIT IS SET ACCORDING TO THE RESULT OF TEE COMPARISON. 



HILO: 



HIL05: 



SAVE BC 

SAVE A REGISTER 

INCREMENT HL BY 1 

ViANT TO TEST FOR RESULT AFTER 

/INCREMENTING 

RESTORE HL 

SET CAREY 

IF SO, CARRY IS SET PROPERLY 

IF NOT, HOVE L TO A 

SUBTRACT E 

MOVE H TO A 

SUBTRACT D WITH BORROW 

COMPLIMENT CARRY FOR CORRECT CARRY BIT VALUE 

RESTORE A 
RESTORE BC 
EXIT 



***************************************************************** 



FUNCTION INUST 

INPUTS: NONE 

OUTPUTS: NOTHING 

CALLS: NOTHING 

DESTROYS: A,H,L,SP 

DESCRIPTION: INUST OUTPUTS TO THE USART THE COMMAND WORD 



PUSH 


B 


IlOV 


B,A 


I NX 


H 


KOV 


A,H ; 


Oka 


L ; 


OCX 


H 


STC 




JZ 


HIL05 ; 


KOV 


A,L 


SUB 


E 


KOV 


A,H 


S33 


D 


CKC 




KOV 


A,B ; 


POP 


B ; 


RET 
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AND INITIALIZES THE STACK POINTER. 



rn 
I 

N3 



02B2 
02E2 
C2S4 
2236 
22S9 
C2HC 
e2EF 



INUST: 



C2C2 
2" 2 



02D4 



3E25 

D5ED 

21C22£ 

22382r. 

312E3£L 

C31Ep^ 




KVI 


A,CMD 


CL'T 


CN'CTL 


LXI 


r:,MSTAK 


SHLD 


SSAVE 


LXI 


SP,;',5TA 


JKP 


SOKSG 



; OUTPUT COMMAND WORD TO USART 
-44 ; LOAD POINTER TO STACK 

; INITIALIZE USER STACK POINTER 
; ; INITIALIZE MONITOR STACK 

; GO TO ?RI^3T SIGNON MESSAGE 



*****1f1f4r1f1r**4r*;*ir*;ir*it-^*k**************ii**ir^-^*-^-k***-kii***ir***itir****ir***** 



FUNCTION: KMO'JT 

INPUTS: A - 8 BIT INTEGER 

OUTPUTS : NONE 

CALLS: ECHO,PRVAL 

DESTROYS: A,B.,C,F/F'S 

DESCRIPTION: NMCUT CONVERTS THE 8 BIT, UNSIGNED INTEGER IN THE 

A REGISTER INTO 2 ASCII CtlARACTERS, THE ASCII CHARACTERS 
ARE TiiE ONES REPRESENTING THE 8 BITS. THESE TWO 
CHARACTERS ARE SENT TO THE CONSOLE AT THE CURRENT PRINT 
POSITION OF THE CONSOLE. 



NMOUT: 



****** 



SAVE ARGUMENT 



r GET UPPER 4 BITS TO LOW 4 BIT POSITIONS 
;CONVERT LOWER 4 BITS TO ASCII 
• 3 EN. J TO TEFMINAL 
; GET BACK ARGUMENT 



**************************************************************** 



PUSH 


PSW 


RRC 




RRC 




RRC 




RRC 




CALL 


PRVAL 


CALL 


ECHO 


POP 


FEVr 


CALL 


PRVAL 


CALL 


ECHO 


RET 





FUNCTION ; PRVAL 

INPtJTS: A — INTEGER, RANGE S TO F 

OUTPUTS: A - ASCII CHARACTER 

CALLS: NOTHING 

DESTROYS: NOTHING 

DESCRIPTION: PRVAL CONVERTS A NUMSER IN THE RANGE 8 TO F HEX TO 
THE CORRESPONDING ASCII CHARACTER, 0-9, A-F. PRVAL 
DOES NOT CHECK THE VALIDITY OF ITS INPUT ARGUMENT. 
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02D5 




02D5 


E60F 


C2D7 


C693 


£12DS 


27 


C2DA 


CE43 


02DC 


27 


C2DD 


4F 


02DE 


C9 



PRVAL: 



AN I 


KCHAR 


ADI 


90H 


DAA 




ACI 


40i! 


DAA 




MCV 


C,A 


RET 





MASK OUT UPPER 4 BITS - KANT 1 HEX CHAR 

SET UP A SO THAT A-F CAUSE A CARRY 

ADJUST CONTENTS OF A REGISTER 

ADC IN CARRY AND ADJUST UPPER 4 BITS 

ADJUST CONTENTS OF A REGISTER AGAIN 

MOVE ASCII CHARACTER TO C 

ALL DONE 



W 
I 




******************************************************************** 



FUNCTI 
INPUTS 
OUTPUT 
CALLS: 
DESTRO 
DESCRI 



ON: R 
NOK 
S: NO 
ECHO 
YS: A 
PTION 



DS 



REGDS: 



LXI 



REG05: 



REGIS: 



REGIS: 



KOUT, ERROR, CROU? 

,C,D,E,H,L,F/F'S 

REGDS DISPLAYS THE CONTENTS OF THE REGISTER SAVE 

LOCATIONS, IN FOR;-':ATTED FORM, ON THE CONSOLE. THE 

DISPLAY IS DRIVEN FROM A TABLE, RTAE, WHICH CONTAINS 

THE REGISTER'S PRINT SYMBOL, SAVE LOCATION ADDRESS, 

AND LENGTH {8 OR 16 BITS). 



H , RTAB 



KOV 


CM 


KOV 


A,C 


ORA 


rt 


JNZ 


REGIO 


CALL 


CROUT 






CALL 


ECHO 


KVI 


C,' = " 


CALL 


ECHO 


I NX 


H 


KCV 


E,K 


MVI 


D,DATA 


INX 


H 


LDAX 


D 


CALL 


NMOUT 


HOV 


A,M 


CRA 




JZ 


P.EG15 


OCX 


D 


LDAX 


D 


CALL 


NMOUT 



LOAD KL WITH ADDRESS OF START OF TABLE 

GET PRINT SYMEOL OF REGISTER 

TEST FOR - END OF TABLE 

IF ROT END, BRANCH 

ELSE, CARRIAGE RETURN/LINE FEED TO END 

/DISPLAY 

ECliO CHARACTER 



OUTPUT EQUALS SIGN, I.E. A= 
POINT TO START OF SAVE LOCATION ADDRESS 
GET LEP OF SAVE LOCATION ADDRESS TO E 
SHR 8 ; PUT KSP OF SAVE LCC ADDRESS INTO D 
POINT TO LENGTH FLAG 
GET CONTENTS OF SAVE ADDRESS 
DISPLAY ON CONSOLE 
GET LENGTH FLAG 

JU Jl ^JLVJkO *■ / ^ 

IF e, REGISTER IS 8 BITS 

ELSE, 16 BIT REGISTER SO MORE TO DISPLAY 

GET LOWER 8 BITS 

DISPLAY THEM 



e£20 



MVI 



c. 
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W 
I 

NO 



0309 CDF9@ 
03OC 23 _ 
030D C3E202^ 



CALL ECHO 

iNX n 

JMP REG05 



OUTPUT BLANK CHARACTER 

POINT TO START OF NEXT TABLE ENTRY 

DO NEXT REGISTER 



i,**************************************************************** 



FUNCTION 
I -v PUTS 
OUTPUTS: 
CALLS: E 
DESTROYS 
DESCRIPT 



C310 




RGADR 


* 




0318 


21C0:|1) 




LXI 


H , RTAB 


C313 


1133^0 




LXI 


D,RTABS 


C316 




RGA0 5 


: 




0316 


7E 




MOV 


A,M 


0317 


E7 




ORA 


A 


B318 


CAi2p} 




JZ 


ERROR 


e31B 


B9 ^ 




CMP 


C 


031C 


CA23C3^ 




JZ 


RGA10 


OBIF 


19 




DAD 


D 


2320 


C316(|3) 




JMP 


RGAC5 


6323 


RGA10 


: 




C323 


23 




IKX 


H 


E324 


44 




MOV 


E,H 


0325 


4D 




MOV 


C,L 


0326 


C9 




RET 





RGADR 

C - CHARACTER DENOTING REGISTER 
EC - ADDRESS OF ENTRY IN RTAB CORRESPONDING TO REGISTER 

EROR 

: A,B,C,D,E,H,L,F/F 'S 

ION: KGADR TAKES A SINGLE CHARACTER AS INPUT. THIS CHARACTER 
DEilOTES A REGISTER. RGADR SEARCHES THE TABLE RTAB 
FOR A MATCH ON THE INPUT ARGUMENT. IF ONE OCCURS, 
KGADR RETURNS THE ADDRESS OF THE ADDRESS OF THE 
SAVE LOCATION CORRESPONDING TO THE REGISTER. THIS 
ADDRESS POINTS INTO RTAB. IF NO HATCH OCCURS, THEN 
THE REGISTER IDENTIFIER IS ILLEGAL AND CONTROL IS 
PASSED TO THE ERROR ROUTINE. 



HL GETS ADDRESS OF TABLE START 
DE GET SIZE OF A TABLE ENTRY 

GET REGISTER IDENTIFIER 

CHECK FOR TABLE END (IDENTIFIER IS 0) 

IF AT END OF TABLE, ARGUMENT IS ILLEGAL 

ELSE, COMPARE TABLE ENTRY AND ARGUMENT 

IF EQUAL, WE'VE FOUND VJilAT V.'E'RE LOOKING FOR 

ELSE, INCREMENT TABLE POINTER TO NEXT ENTRY 

TRY AGAIN 



/SAVE LOCATION ADDRESS 
RETURN THIS VALUE 



,***********************«***************************************** 



; FUNCTION: RSTTF 
; INPUTS: NONE 
; OUTPUTS: NONE 
; CALLS: NOTHING 

DESTROYS: A,B,C ,D,E,H,L,F/F 'S 

DESCRIPTION: RSTTF RESTORES ALL CPU REGISTER, FLIP/FLOPS, STACK 
POINTER AND PROGRAM- COUNTER FROM THEIR RESPECTIVE 
SAVE LOCATIONS IN MEMORY. THE ROUTINE THE?J TRANSFERS 
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W 
I 

Ln 



E33B 
B333 



0327 




RSTTF : 




0327 


F3 


DI 




0328 


312E3C 


LXI 


SP,MSTAK 


032B 


Dl 


POP 


D 


D32C 


CI 


POP 


B 


032D 


Fl 


POP 


PSW 


C32E 


2A38iC. 


LHLD 


SSAVE 


0331 


F9 


SPKL 




0332 


2A36J£ 


LHLD 


PSAVE 


3335 


E5 


puSh 


K 


0336 


2A34i£ 


LKLD 


LSAVE 


0339 


FB 


EI 




033A 


C9 


RET 





CONTROL TO THE LOCATION SPECIFIED BV THE PROGRAM 
COUNTER (I.E. THE RESTORED VALUE). THE ROUTINE 
EXITS KITH THE INTERRUPTS ENABLED. 



DISABLE INTERRUPTS WHILE RESTORING THINGS 

; SET MONITOR STACK POINTER TO START 
/OF STACK 
START ALSO END OF REGISTER SAVE AREA 



37 



e33C C9 



RESTORE USER STACK POINTER 



PUT USER RETURN ADDRESS ON USER STACK 

RESTORE HL REGISTERS 

ENABLE INTERRUPTS NOW" 

JUMP TO RESTORED PC LOCATION 



***************************************************************** 



FUNCTION: SRET 
INPUTS: KONE 
OUTPUTS: CARRY = 1 
CALLS: NOTHING 



DESTROYS: CARRY 



DESCRIPTION: 



SRET: 



STC 
RET 



SRET IS JUKPED TO BY ROUTINES WISHING TO RETURN SUCCESS. 
SRET SETS THE CARRY TRUE AND THEN RETURNS TO THE 
CALLER OF THE ROUTINE INVOKING SRET. 



SET CARRY TRUE 
RETURN APPROPRIATELY 



0330 



******************************************************* ********** 

FUNCTION: STHFO 

INPUTS: DE - 16 BIT ADDRESS OF BYTE TO BE STORED INTO 

OUTPUTS: NONE 

CALLS: NOTHING 

DESTROYS: A,B,C,n,L,F/F'S 

DESCRIPTION: STHFO CHECKS THE HALF BYTE FLAG IN TEMP TO SEE IF 
IT IS SET TO LOWER. IF SO, STHF0 STORES A TO 
PAD OUT THE LOWER HALF OF THE ADDRESSED BYTE; 
OTHERWISE, THE ROUTINE TAKES NO ACTION. 

STHFO t 
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e33D 

0340 
3 'J I 
C342 
C344 
0347 



3A3A3C 

B7 "" 

CO 

CED0 

CD46^ 

C9 



0348 




0348 


D5 


C349 


El 


034A 


79 


034B 


E60F 


t34D 


4F 


C 3 4 £ 
C351 
C352 
C255 


3A3A3C 

B7 

C25^ 


'•^ ~ c r: 

V ^ ^ ij 


EoFD 


0353 


SI 


0359 


77 


e35A 


C9 


2353 




0353 


7E 


e35C 


E60F 


e35E 


47 


C3SF 


7S 


036C 


CF 


0361 


OF 


0362 


OF 


0363 


OF 


D364 


B0 


0365 


77 


0366 


C9 



GET HALF BYTE FLAG 

SET F/F'S 

IF SET TO UPPER, DON'T DO ANYTHING 
ELSE, WANT TO STORE THE VALUE 
DO IT 



***************************************************************** 



LDA 


TEMP 


ORA 


A 


ENZ 




KVI 


c,c 


CALL 


STHLF 


RET 





FUNCTION: 


S 


THLF 


INPUTS: C 


- 


4 BIT 


DE 


- 16 B 


OUTPUTS : 


NONE 


CALLS: NOTHING 


DESTROYS: 


A 


,D,C,H 


DESCRIPTION 


: STHL 






■HALF 






HALF 






BY T 






THAT 






(NCM 


KLF: 

PUSH 




D 


POP 




H 


MOV 




A,C 


AN I 




0FH 


MOV 




C,A 


LDA 




TEMP 


OKA 




A 


j;jz 




STH0 5 


y;OV 




A,M 


AN I 




SrSn 


ORA 




C 


MOV 




M,A 


RET 






HB5: 






MOV 




A,M 


ANI 




OFH 


MOV 




B,A 


KOV 




A,C 


RRC 






ERC 






RRC 






RRC 






ORA 




B 


KOV 




M,A 


RET 







VALUE TO BE STORED IN HALF BYTE 
IT ADDRESS OF BYTE TO BE STORED INTO 



,L, F/F'S 

F TAKES THE 4 BIT VALUE IN C AND STORES IT IN 
OF TiiC BYTE ADDRESSED BY REGISTERS DE. THE 
BYTE USKD (EITHER UPPER OR LGl.'ER) IS DENOTED 

HE VALUE OF THE FLAG IN TEMP. ETKLF ASSUMES 
THIS FLAG HAS BEEN PREVIOUSLY SET 

IKALLY BY ICMD) . 



MOVE ADDRESS OF BYTE INTO HL 

GET VALUE 

FORCE TO 4 BIT LENGTH 

PUT VALUE BACK 

GET HALF BYTE FLAG 

CHECK FOR LOWER HALF 

BRANCH IF NOT 

ELSE, GET BYTE 

CLEAR LCViER 4 BITS 

Oft IN VALUE 

PUT BYTE BACK 



IF UPPER HALF, GET BYTE 
CLEAR UPPER 4 BITS 
SAVE BYTE IN B 
GET VALUE 



ALIGN TO UPPER 4 BITS 

OR IN ORIGINAL LOWER 4 BITS 

PUT NEW CONFIGURATION BACK 
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I 

N3 



0382 
£382 
C383 
0385 
0388 
e38A 
038D 
a38F 
0392 



0367 




VALDG : • 




C367 


79 


MOV 


A,C 


B368 


FE30 


CPI 


"C 


C36A 


FAID^ 


JM 


FRET 


C35D 


FE39^' 


CPI 


'9' 


C36F 


FA 3 3© 


JM 


SRET 


£372 


CA3B{pT) 


JZ 


SRET 


0375 


FE-;: 


CPI 


•A' 


0377 


FAi:^ 


JM 


FRET 


037A 


FE47_^ 


CPI 


'G' 


G37C 


F21IM2) 


JP 


FRET 


037F 


C33B|!T) 


JMP 


SRET 



***************************************************************** 



FUKCTIOS: VALDG 

INPUTS: C - ASCII CHARACTER 

OUTPUTS: CARRY - 1 IF CHARACTER REPRESENTS VALID HEX DIGIT 

- OTHERlvISE 
CALLS: KOTHIN'G 
DESTROYS: A,F/F'S 
DESCRIPTIO.N': VALDG RETURNS SUCCESS IF ITS INPUT ARGUMENT IS 

AN ASCII CHARACTER REPRESENTING A VALID HEX DIGIT 

(0-9, A-F), AiND FAILURE OTHERWISE. 



TEST CliARACTER AGAINST '0' 

IF ASCII CODE LESS, CANNOT BE VALID DIGIT 

ELSE, SEE IF IN RANGE '0'-'9' 

CODE BETWEEN '0' AND '9' 

CODE EQUAL '9' 

NOT A DIGIT - TRY FOR A LETTER 



NO - CODE BETWEEN '9' AND 'A' 



NO - CODE GREATER THAN 'F' 
OKAY - CODE IS 'A' TO 'F', 



INCLUSIVE 



*********<i**********x************************************************* 



FUNCTION: VALDL 

INPUTS: C - CHARACTER 

OUTPUTS: CARRY - 1 IF INPUT ARGUMENT VALID DELIMTER 

- OTHEHV.'ISE 
CALLS: NOTHING 
DESTROYS: A,F/F'S 
DESCRIPTION: VALDL RETURNS SUCCESS IF ITS INPUT ARGUMENT IS A VALID 

DELIMITER CHARACTER (SPACE, COMMA, CARRIAGE RETURN) AND 

FAILURE OTHERWISE. 



VALDL: 



79 

FE2C 

CA3Bej) 

FECD 

CA3B(|3) 

FE23 

CA3Btfl) 

C31D0Z) 



MOV 


A,C 


CPI 


1 i 
r 


JZ 


SRET 


CPI 


CR 


J2 


SRET 


CPI 


I * 


JZ 


SRET 


JKP 


FRET 



; CHECK FOR COMMA 

; CHECK FOR CARRIAGE RETURN 

; CHECK FOR SPACE 

; ERROR IF NONE OF THE ABOVE 
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m 
I 

00 



S322 
e3B4 
0336 



g 338 
£335 
052A 

a ") •-• ri 

G3EC 
C330 
033E 
B33F 

cec8 



***************************************************************** 



MONITOR TABLES 



***************************************************************** 



CIDCA3830 
2F3i3320 
4D';F4E49 
544F522D 
CA 




SGNGK: 



DB 



57 

c 2 

44 

47 
49 

4D 
53 
58 



LSGNON 



CADR: 



CTAB: 



DW 
BW 
DV; 

DW 
DW 
DW 
DW 
DW 



DB 
DS 

DB 



DB 
DB 
DB 
DB 
NCKDS EQU 



; SIGNON MESSAGE 
CR, LP, '80/10 ('•JONrTOR',CR,LP 



EQU 


XCMD 

SCMD 
HCMB 
ICMD 

gc;:d 

DC.MD 
RCKD 
WCMD 



'R* 
'D' 
'G' 
'I' 
'M ' 
•S" 
•X' 
$-CTAB 



$-SGNON ; LENGTH OF SIGNON MESSAGE 

; TABLE OF ADDRESSES OF COMMAND ROUTINES 
; DUMMY 



; TABLE OF VALID COMMAND CHARACTERS 



NUMBER OF VALID COMMANDS 



G3C0 

esco 

03C1 
03C2 

ess3 

03C3 
i33C4 
03C5 

03C7 



41 
33 
00 

42 
31 
00 
43 
30 



RTAB: 

DB 
DB 
DB 

RTABS EQU 
DB 
D3 
DB 

1-1 r» 

DB 



; TABLE OF REGISTER INFORMATION 
•A' ; REGISTER IDENTIFIER 

ASAVE AND SFFH ; ADDRESS OF REGISTER SAVE LOCATION 
; LENGTH FLAG - 0=8 BITS, 1«16 BITS 
$-RTAB ; SIZE OF AN ENTRY IN THIS TABLE 
'B' 
BSAVE AND OFFH 



CSAVE AND OFFH 
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m 
1 



03C8 


00 


03C9 


44 


S3CA 


2F 


03CC 


00 


C3CC 


45 


C3CD 


2E 


C3CE 


00 


escF 


46 


03D3 


32 


C3D1 


00 


03D2 


48 


33D3 


35 


C3D-i 


03 


C3D5 


4C 


C5D5 


34 


03D7 


00 


C3D8 


4D 


G3D9 


35 


03DA 


01 


03DB 


50 


C3DC 


37 


03DD 


01 


03DE 


53 


D3DF 


39 


e3E0 


61 


03E1 


00 


e3E2 


00 



03E3 
03E3 
03E7 
C3ES 
03EF 
03F3 



03FA 



DB 









D3 


'D' 






DB 


DSAVE 


AND 


0FFK 


DB 









DB 


'E' 






DB 


ESAVE 


AND 


0FFH 


DB 









DB 


'F' 






DB 


FSAVE 


AND 


6FFH 


DB 









D3 


'H' 






D3 


KSAVE 


AND 


0FFH 


D3 









D3 


'L* 






DB 


L3AVE 


AND 


0FFH 


DB 









DB 


'M' 






DB 


HSAVE 


AND 


0FFH 


DS 


1 






D3 


-p. 






DB 


PSAVE+1 AND 0FFH 


DB 


1 






DB 


•S' 






DD 


SSAVE+1 AND 0FFK 


DB 


1 






DB 





t 


END OF TABLE MARKERS 


DB 










********************************************************************** 



CPYRT: 



2S432920 
31393736 
2e4S4E54 
454C2043 
4F5250 



DB 



(C) 1976 INTEL CORP' 



********************************************************************** 



ORG 



BRTAB 



03FA 


C3E&gl^ 


JMP 


CO 


03FD 


C3D5Q 


JMP 


CI 


0400 


C31C® 


JMP 


RI 


0483 


C3GFfflSS 


JMP 


PO 



; BRANCH TABLE FOB USER ACCESSIBLE ROUTINES 
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I 
o 



0406 
S4E6 
e4C9 
C4CC 
C42D 
C4CF 
0412 
e412 
C415 

lU H J. J 

CAlh 
6413 
S41C 
041E 
0422 
0423 
6426 
0427 
C42A 
C42E 
242E 
4 2 F 
042F 
0432 
0433 
0434 
C435 
0438 
0433 
C43C 



CD2002 

CCFSCl 

79 

FE0D 

C212C2 

CDi305 

C212C4 

AF 

57 

CDS6C4 

CA2CO0 

5F 

CD9604 

67 

CD96B4 

6" 

CD9604 

43 

CD9634 

77 

23 

ID 

C22Fe4 

CD9604 

C21202 

031204 



***************************************************************** 



FUNCTION RC.MD 
INPUTS: NONE 
OUTPUTS: KONE 

CALLS: GETCK, ECHO, CO, KICH, BYTE 
DESTROYS: A,S ,C ,D, E , ii , L , F/F 'S 

DESCRIPTION: RCKD IMPLEMENTS THE READ HEXADECIMAL TAPE (R) 
COMMAND. 



ECK!; 



RCM0 5: 



RcMlfe): 



CALL 


GETCH 


CALL 


ECHO 


NOV 


A,C 


CPI 


CR 


JNZ 


ERROR 


CALL 


RICK 


C?I 


> . t 


JNZ 


ECMC5 


XRA 




MOV 


D,A 


CALL 


EiTE 


JZ 


GETCM 


MOV 




CALL 


BYTE 


MOV 


L-,A 


CALL 


BYTE 


MOV 


L,A 


CALL 


BYTE 


MOV 


C,E 


CALL 


BYTE 


MOV 


M,A 


IKX 


H 


DCR 


£ 


JNZ 


RCK10 


CALL 


BYTE 


JNZ 


ERROR 


JKP 


fiCMCS 



TiiE CHECKSUM 
TAPE 



GET CARRIAGE RETURN CHARACTER 

ECHO IT 

MOVE IT TO A REGISTER 

SEE IF CARRIAGE RETURN 

ERROR IF NOT PROPERLY TERMINATED 

READ CHARACTER FROM TAPE 

SEE IF RECORD MARK 

TRY AGAIN IF NOT MARK 

ZERO A REGISTER 

INITIALIZE D FOR HOLDING 

READ TV.'G CHARACTERS FROM 

IF Z^RO RECORD. LENGTH, AL.t: DONE . ,. : 

OTi!ERWISE, PUT THE RECORD LENGTH IN 

GET MSB OF 

MOVL TO H 

GET LSB OF 

MOVE TO L 

GET RECORD 

HOVE RE cos: 

READ DATA FROM TAPE 

PUT DATA INTO MEMORY 

INCREMENT HE FOR NEXT LOCATION 

DECREMENT RECORD LENGTH 

LOOP UNTIL DONE 

READ CHECKSUM FROM TAPE 

CHECKSUM ERROR IF NOT ZERO 

GET ANOTHER RECORD 



LOAD ADDRESS 
LOAD ADDRESS 



TYPE 

; LENGTH 



ro c 



***************************************************************** 



FUNCTION WCMD 
INPUTS: NONE / 
OUTPUTS: NONE 
CALLS : GETNM , LEAD ,P0, PBYTE , PADR , PEOL , PEOP 
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DESTROYS: A,B,C ,D,E,H,L,F/F'S 

DESCRIPTION: V?CMD IMPLEMENTS THE WRITE HEXADECIMAL TAPE (W) 
COMMAND. 



0441 




WCKD: 






0441 


0EC2 




KVI 


C,2 


0443 


CD5B02 




CALL 


GETKM 


C445 


CDBA04 




CALL 


LEAD 


0449 


Dl 




POP 


D 


C4 4A 


El 




POP 


H 


0448 




WCM05 


; 




C445 


73 




MOV 


A,L 




C510 




AD I 


16 


C44E 


4 F 




MGV 


C,A 


C 4 4F 


70 




MpV 


t\ , t\ 


0453 


CECC 




ACI 





C452 


47 




MOV 


B,A 


0453 


7B 




MOV 


A,E 


0454 


91 




SUB 


C 


0455 


4F 




MOV 


C,A 


e-;56 


7 A 




MOV 


A,D 


0457 


98 




SE5 


n 


0458 


DA6O04 




JC 


WCM10 


W 045B 


3E10 




MVI 


A, 16 


1 e45D 


C36304 




JMP 


WCM15 


iii C46C 




WCK10 


: 




L' ** D t/ 


79 




MOV 


A,9 


C461 


C611 




>Xil - 


C463 




WCM15 


\ 




0463 


B7 




OR A 


A 


C4 64 


CA90 4 




JZ 


KCM25 


C467 


D5 




PUSH 


D 


4 68 


5F 




MOV 


E,A 


C4G9 


1630 




MVI 


D,C 


0463 


CE3A 




MVI 


C, ':' 


4 60 


CDCFC5 




CALL 


PO 


0470 


73 




MOV 


A,E 


0471 


CDCFC4 




CALL 


PEVTE 


0474 


CDC634 




CALL 


PADR 


0477 


AF 




XRA 


A 


C478 


CDCF04 




CALL 


PBYTE 


047D 




WCM20 


• 




047B 


7E 




MOV 


A,M 


4 7C 


CDCF04 




CALL 


PBYTE 


047F 


23 




INX 


H 


0483 


ID 




DCR 


E 


0481 


C27B04 




JKZ 


V;CM20 


0484 


AF 




XRA 


A 


0483 


92 




SUB 


D 


B486 


CDCF04 




CALL 


PBYTE 


0489 


Dl 




POP 


D 



GET 2 KUXEERS FROM IN'PUT STREAM 
PUNCH 60 NULL CHARACTERS FOR TAPt 
ENDING ADDRESS TO DE 
STARTING ADDRESS TO KL 



LEADER 



MOVE L TO A 

iNCiiE;--.ENT THE LSB OF STARTING ADDRESS BY 16 

MOVE RESULT TO C 

MOVE H TO A 

ADD CARRY IN FROM PREVIOUS OPERATION 

SAVE RESULT IN B 

NOV; MOVE LSB OF ENDING ADDRESS TO A 

SUBTRACT LSB OF STARTING ADDRESS 

SAVE IN C 

NO',-; GET MSB OF EI.DING ADDRESS IN A 

SUBTRACT MSB OF STARTING ADDRESS 

BRANCii IF TEE RECORD LENGTH IS NOT 16 

OTHERWISE SET A TO RECORD LENGTH OF 16 

NOW BRANCH TO PUNCH THE RECORD 

„ .".THIS IS THE LAST RECORD 
'3*:f*gS4^^|%'TO„ REMAINING DAT^^, LENGTH 

CHECK FOR RECORD LEN'GTH OF ZERO 
IF IT IS, ALL DONE 
OTHERWISE, SAVE ENDING ADDRESS 
PUT RECORD LENGTH IN' E 
INITIALIZE D FOR HOLDING CHECKSUM 

PUNCH RECORD MARK CHARACTER 

PUT RECORD LENGTH IN A 

PUNCH RECORD LENGTH 

PUNCH STARTING ADDRESS 

ZERO A 

PUNCH RECORD TYPE 

GET DATA TO BE PUNCHED FROM MEMORY 

PUNCH IT 

INCREMENT MEMORY ADDRESS 

DECREMENT LENGTH COUNT 

LOOP UNTIL ALL DATA PUNCHED 

; PUNCH CHECKSUM 

; RESTORE ENDING ADDRESS 
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W 
1 



; PUNXH CARRIAGE RETURN AND LINE FEED 



; PUNCH END OF FILE RECORD 
: ALL DONE 



********1^*1^*************it********yr************1^****************** 



4 3A ■ 


.. CD0435 


CALL 


PECL 


0460 


C34BC4 


JMP 


WCK05 


049C 




WCK25: 




0490 


CDE604 


CALL 


PEOF 


2493 


C317C2 


JMP 


EXIT 



FUNCTION 

INPUTS: 

OUTPUTS: 

CALLS: E 
uESTROYS 
DESCRIPT 



BYT: 
D - 
A - 
D - 
ICK, 
: A, 
ION: 



0496 




DYTE : 




0496 


05 


PUSH 


B 


C497 


CD1305 


CALL 


RICH 


C49A 


4F 


KOV 


C,A 


C49B 


CDDF01 


CALL 


CNVBN 


S49E 


07 


PLC 




C49F 


07 


RLC 




E *t A u 


07 


PLC 




e4Ai 


07 


RLC 




C4A2 


47 


V.O'J 


B,A 


C4A3 


001305 


CALL 


RICH 


C4/.6 


4F 


NOV 


C,A 


E4A7 


CDDF01 


CALL 


CNVBN 


04AA 


B0 


OP A 


B 


e4AB 


4? 


KOV 


C,A 


04AC 


82 


ADD 


D 


04AD 


57 


«0V 


D,A 


B4AE 


79 


KOV 


A,C 


04AF 


CI 


PC? 


B 


04BO 


C9 


RET 





CURRENT VALUE OF CHECKSUM 

HEXADECIMAL CHARACTER 

UPDATED VALUE OF CHECKSUM 
CNVBN 
B,C,D,F/F'S 

BYTE PEADS 2 ASCII CHARACTERS FROM THE TELETYPEWRITER 

AMD CONVERTS THE CHARACTERS TO ONE HEXADECIMAL CHARACTER. 

THE A REGISTER CONTAINS THE FINAL CHARACTER AND THE 

D REGISTER CONTAINS THE UPDATED VALUE OF 

THE CHECKSUM, 



SAVE BC 

READ ASCII CHARACTER FROM TAPE 



CONVERT CHARACTER TO HEXADECIMAL 
POSITION VALUE INTO UPPER 4 BITS 



; SAVE RESULTS IN B 

; GET ANOTHER CHARACTER FROM TAPE 

r CONVERT IT 

; OR IN THE UPPER 4 BITS 

; SAVE 

; INCREMENT CHECKSUM 

; RESTORE HEX DATA TO A REGISTER 

; RESTORE BC 



*l>****i>v****i>**ir*******>i*irx*i>*i>**i>*i>****>r******************w***** 



FUNCTION DELAY 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: NOTHING 
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PI 
I 



0431 




DELAY 


: 




04B1 


C5 




PUSH 


B 


0462 


0683 




KVI 


B,ON 


0434 




DELI: 






B4B4 


05 




DCR 


B 


04E5 


C2B404 




JNZ 


DELI 


C4B8 


CI 




POP 


B 


04E9 


09 




RET 





DESTROYS: F/F'S 

DESCRIPTION: DELAY PROVIDES A PROGRAMMED DELAY OF 1 MILLISECOND 
FOR TAPE READER OPERATION. 



; SAVE BC REGISTERS 
B,ONEMS ; LOAD 1 MILLISECOND CONSTANT 



DECREKENT INNER COUNTER 
JUMP IF NOT DONE 
RESTORE BC REGISTERS 
RETURN TO CALLING ROUTINE 



********************************************************* *******<[ 



FUNCTION LEAD 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: PO 

DESTROYS: B,C, F/F'S 

DESCRIPTIOM: LEAD OUTPUTS 60 NULL CHARACTERS TO PAPER TAPE TO FORM A 
LEADER. 



04BA 




B4BA 


063C 


0430 




0430 


CE0O 


04BE 


CD3F05 


64C1 


05 


B4C2 


C2BC04 


04C5 


09 



LEAD: 



LE05: 



MVI 


C,0 


CALL 


FO 


DCR 


B 


JNZ 


LE05 


RET 





HVI B,60 ; LOAD B WITH A COUNT OF 60 



; PUNCH NULL CHARACTER 

; DECREMENT COUNT 

; DO IT AGAIN IF NOT DONE 



***************************************************************** 



FUNCTION PADR 

INPUTS: KL - ADDRESS TO BE PUNCHED 

OUTPUTS: NONE 

CALLS: PBYTE 

DESTROYS: A 

DESCRIPTION: PADR PUNCHES ON THE TELETYPEWRITER THE ADDRESS 



0'4C6 




J 

PADR: 


OONT 


04C6 


7C 


KOV 


A,H 


04C7 


CDCF04 


CALL 


PBYTE 


04CA 


7D 


MOV 


A,I. 



; PUNCH FIRST HALF OF ADDRESS 
; PUNCH SECOND HALF OF ADDRESS 
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W 
( 



04CB CDCFC4 
e4CE C9 



CALL 

RET 



PBYTE 



; RETURN TO CALLING ROUTINE 



***************************************************************** 



FUNCTION PQYTE 

INPUTS: A - CHARACTER TO BE PUNCHED 

D - CURRENT VALUE OF CHECKSUM 
OUTPUTS: D - UPDATED VALUE OF CHECKSUM 
CALLS: PRVAL.PO 
DESTROYS: A,F/F'S 

DESCRIPTION: P3YTE CONVERTS THE HEXADECIMAL VALUE IN THE A REGISTER 
INTO TWO ASCII CHARACTERS AND PUNCHES THESE CHARACTERS 
C:-; PAPER TAPE. THE CHECKSUM CONTAINED IN D IS UPDATED. 



04CF 




PBYTE: 




e4CF 


F5 


PUSH 


PSW 


C4D3 


BF 


RRC 




C4D1 


CF 


RkQ 




B4D2 


OF 


ERC 




e4D3 


CF 


RF.C 




C4D4 


CDD502 


CALL 


PRVAL 


C4D7 


CDCF05 


CALL 


PO 


4 DA 


Fl 


POP 


PSW 


e4E3 


F5 


P U 3 K 


PSW 


C4DC 


CDD5C2 


CALL 


PP.VAL 


C4uF 


CC2F05 


r^ f- ^ r 


FO 


C4E2 


Fl 


PC? 


PSW 


C4E3 


82 


ADD 


D 


04E4 


S7 


KGV 


D,A 


C4E5 


C9 


RET 





SAVE A,F/F'S 

POSITION UPPER 4 BITS INTO LOWER 4 BITS 



CONVERT UPPER 4 BITS JUST ROTATED TO ASCII 

PUNCH CHARACTER 

RESTORE A,F/F'S 

SAVE A AGAIN 

CONVERT LOWER 4 BITS TO ASCII CHARACTER 

PUNCH CHARACTER 

RESTORE A 

ADD VALUE TO CHECKSUM 

UPDATE D REGISTER WITH NEW CHECKSUM 

RETURN TO CALLING ROUTINE 



>***************************************************************** 



J FUNCTION PEOF 

; INPUTS: NONE 

; OUTPUTS: NONE 

; CALLS: PO, PBYTE, PADR, LEAD 

; DESTROYS: A,C, D, H,L, F/F 'S 

! DESCRIPTON: PEOF PUNCHES THE END OF PILE RECORD CONSISTING OF A RECORD 

; MARK, A LOAD ADDRESS OP 0, THE RECORD TYPE, AND THE 

}.'-;/" RECORD CHECKSUM. 



04E6 




PEOF: 








C4E6 


0E3A 




MVI 


€,':• 




B4E8 


coarfls 




CALL 


PO 


; PUNCH RECORD MARK 


04EQ- 


\F 




XRA 


A 


; ZERO CHECKSUM 
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Pi 
I 



C4lC 


57 


MOV 


D,A 


e4ED 


CDCF0 4 


CALL 


PBVTE 


C4F0 


213CO0 


LXI 


H,0 


C4F3 


CDC604 


CALL 


PADR 


e4F6 


3E01 


MVI 


A,l 


C4F8 


CDCF04 


CALL 


PBYTE 


04F3 


AF 


XRA 


A 


34FC 


92 


SUB 


D 


04FD 


CDCFS4 


CALL 


PByTE 


0520 


CD3A34 


CALL 


LEAD 


0503 


C9 


RET 





SAVE IN D REGISTER 

PUNCH RECORD LENGTH 

LOAD HL WITH ZERO ADDRESS 

PUNCH IT 

LOAD A VJITH RECORD TYPE 

PUNCH IT 

ZERO A 

COMPUTE CHECKSUM 

PUNCH IT 

PUNCH TRAILER 



***************************************************************** 



FUNCTION PEOL 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: PO 
DESTROYS : C 

DESCRIPTION: PEOL PUNCHES A CARRIAGE' RETURN AND LINE FEED ONTO 
PAPER TAPE. 



C504 




PEOL: 






0504 


0ECD 




MVI 


C,CR 


0506 


CD0F05 




CALL 


PO 


0509 


0E0A 




MVI 


C,LF 


B50B 


CD0F05 




CALL 


PO 


esoE 


C9 




RET 





; PUNCH CARRIAGE RETURN CHARACTER 
; PUNCH LINE FEED CHARACTER 



O50F 

escF CDEesi 

0512 CS* 



***************************************************************** 



FUNCTION PO 

INPUTS: C - CHARACTER TO BE PUNCHED 

OUTPUTS: NONE 

CALLS: CO 
; DESTROYS: NOTHING 

; DESCRIPTION: PO PUNCHES THE CHARACTER SUPPLIED IN THE C REGISTER TO 
THE USER TELETYPEWRITER. 

; 

PO: 

CALL CO ; CALL CONSOLE OUT TO PERFORM CHARACTER OUTPUT 
RET 



t***************************************************************** 
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m 

I 

U) 

as 



051C 
C51C 
B51D 
2510 
C51F 
C521 
0524 
0526 
0528 
052A 
C52A 
0520 
eS2E 
0531 
0533 
D535 
C537 
0S37 
0539 
C533 
e53E 
0541 
E542 
0545 
0546 



C5 

D3ED 

E6C4 

CA1C05 

3S27 

D3ED 

0628 

CD3104 

05 

C22A05 

3E25 

D3ED 

06FA 

D3ED 
£602 

r* 'y A r\ n c 

CDE104 

05 

C23705 

AF 

37 



FUNCTION RICH 

INPUTS: NONE 

OUTPUTS: A - ZERO, CARRY - 1 IF END OF FILE 

A - CHARACTER, CARRY - IF VALID CHARACTER 
CALLS: RI 
DESTROYS: A,F/F'S 
DESCRIPTION: RICH TESTS FOR AN END OF FILE CONDITION. 



READ A CHARACTER FROM TAPE 
JUMP IF READER TIMEOUT ERROR 
REMOVE PARITY BIT 
RETURN TO CALLING ROUTINE 



***************************************************************** 



FUNCTION RI 

INPUTS: NONE 

OUTPUTS: A - ZERO, CARRY - 1 IF END OF FILE 

A - CHARACTER, CARRY - IF VALID CHARACTER 
CALLS: DELAY 
DESTROYS: A,F/F'S 
DESCRIPTION: RI READS A CHARACTER FROM THE TTY TAPE READER. 



0513 




RICH: 






0513 


CD1C05 . 




CffLL 


RI 


0516 


DAI 202 




vJC 


ERROR 


0519 


E67F 




AN I 


PRTY0 


051C 


C9 




RET 





RI: 



RI25: 



PUSH 



BI07: 



RI10: 



IN 


CNCTL 


AN I 


TXBE 


J2 


RI05 


MVI 


A ,TTY 


OUT 


CNCTL 


MVI 


B,-4C 


CALL 


DELAY 


DCR 


B 


JNZ 


RI07 


MVI 


A,CMD 


OUT 


CNCTL 


MVI 


3,250 


IN 


CONST 


AN I 


RBR 


JNZ 


RIi5 


CALL 


DELAY 


DCR 


B 


JNZ 


RI10 


XRA 


A 


STC 





; SAVE BC 

; READ IN USART STATUS 

; CHECK FOR TRANSMITTER BUFFER EMPTY 

; TRY AGAIN IF HOT EMPTY 
r ; ADVANCE THE TAPE 

; OUTPUT THE ADVANCE COMMAND 



* J>:.jn->T n T 



tL,i.\ 1' wa H u no I 



DELAY FOR 1 MILLISECONDS 
DECREMENT TIMER 
JUMP IF TIMER NOT EXPIRED 
STOP THE READER ADVANCE 
OUTPUT STOP COMMAND 
INITIALIZE TIMER FOR 250 MS. 

INPUT READER STATUS 

CHECK FOR RECEIVER BUFFER READY 

YES - DATA IS READY 

DELAY 1 MS 

DECREMENT TIMER 

JUMP IF TIMER NOT EXPIRED 

ZERO A 

SET CARRY INDICATING EOF 
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1 



0547 


CI 


C543 


C9 


C549 




0549 


DBEC 


054E 


B7 


C54C 


CI 


C54D 


CS 



C54E 
054E 
0552 
0556 
e55A 
055E 



3C2E 

3C2E 
3C25 
3C2F 
3Cj(3 
3C3I 
3C32 
3C33 
3C34 
3C3 5 
3C36 
30 3 8 
3C3A 

3C3D 

3C3D 



00 

CO 

CO 

CO 

00 

^. 

03 

ooos 

O00Q 
00 



RIISj 



RESTORE EC 

RETURW TO CALLING ROUTINE 

INPUT DATA CHARACTER 

CLEAR CARRY 

RESTORE EC 

RETURN TO CALLING ROUTINE 



********************************************************************** 



POP 


B 


RET 




IN 


CNIN 


ORA 


A 


POP 


B 


RET 





COPYRI 



2843292P 
31393736 
20494E54 
454C2043 
4F5250 



DB 



• (C) 1976 INTEL CORP* 



********************************************************************** 



ORG 
ORG 



KS'J 



D S A V E 


CS,'- 


V E 


Bs; 


VE 


rs/ 


VE 


AS," 


VE 


Ls; 


VE 


HSA 


V E 


FSAVE 


SS,' 


VE 


TEMP: 


; 





ORG 



USRDR; 



DATA 




REGS 


* 


EQU 


$ 


DB 


B 


DB 





DB 





DB 


3 


DB 





DB 





DB 





DB 





Dv; 





DW 





DB 





BRLOC 




DS 


3 



; ORG TO REGISTER SAVE - STACK GOES IN HERE 



START OE MONITOR STACK 


E REGISTER 


SAVE LOCATIOf'J 


D REGISTER 


SAVE LOCATION 


C REGISTER 


SAVE LOCATION 


B REGISTER 


SAVE LOCATION 


FLAGS SAVE 


LOCATION 


A REGISTER 


SAVE LOCATION 


L REGISTER 


SAVE LOCATION 


li REGISTER 


SAVE LOCATION 


PGM COUNTER SAVE LOCATION 


USER STACK 


POINTER SAVE LOCATION 


TEMPORARY MONITOR CELL 



; ORG TO USER BRANCH LOCATION 
r BRANCH GOES IN HERB 



END 



NO PROGRAM ERRORS 
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SyMBOL TABLE 



W 
1 

CO 



01 



A 


ep.07 


ADRD 


01A8 


ADROU 


01B1 


ASAVE 


3C33 


B 


0B?g 


BRCKR 


0O1B 


BREAK 


C1C2 


BRLOC 


3C3D 


EPTA3 


fl3FA 


DSAVE 


3C31 


BYTE 


0496 


C 


0001 


CADK 


C3A6 


CI 


31D5 


CMC 


0025 


CNCTL 


0CED 


cm:; 


CGEC 


CNOLiT 


CCEC 


CKVBN 


OlDF 


CO 


01E3 


cg:;3T 


PCEO 


CGPYR 


eS4S • 


CPYRT 


33E3 * 


CR 


OOOD 


CFCUT 


eiF3 


G3 AVE 


3C30 


CTA3 


0336 


D 


0332 


DATA 


3CO0 


DCX05 


C366 


DC;-5:C 


336C 


DCKD 


035F 


DELI 


emi 


DELAY 


04E1 


DSAVE 


3C2F 


E 


0003 


ECH05 


C2C2 


ECiilO 


0213 


ECEG 


31F9 


ERROR 


0212 


ESAVE 


3G2S 


ESC 


0313 


EXIT 


3217 


FALSE 


SF9C 


Fr.ET 


CilD 


Fh:AV£ 


3C32 


GC;-:C5 


C3A0 


GCMIO 


OGAS 


gc;-:d 


CJs3 


GETCH 


223 


GETCM 


332C 


GETiiX 


0227 


glt:;;< 


Ci5E 


g;;x35 


3 223 


GHXie 


3245 


GNM35 


0262 


gk:::c 


C277 


G. -.■.". 15 


i;285 


G :.■;■', 2 


C28A 


Gr;M25 


0295 


G:.m3 


C299 


GG 


0;;33 * 


GTC3 3 


3 3 3C 


GTces 


0049 


GTGIO 


P.-} 5 5 


H 


0334 


KCHAR 


030F 


HIL05 


2AF 


HILO 


C2AC 


HSAVE 


3C3 5 


IC,-i35 


03:34 


ICI413 


00D3 


ic:-'.:3 


C?E3 


icy. 2 5 


e3E9 


ICHEi 


3A9 


IiNUST 


02B2 


i:;vRT 


£ o' E E 


r 


3 3 3 


LE35 


C4BC 


LEAD 


4nA 


L? 


C,'i;A 


LEAVE 


3C3 4 


LSCr;o 


3311 


M 


0306 


KC.MCo 


CCF7 


•AC 'AD 


OCEr 


KGEH 


33CF 


MSGL 


0323 


K.STAK 


3C2E 


NCMDS 


3 38 


KEWLN 


03CF 


h'MOUT 


02C2 


c:;em3 


2383 


PADR 


C4C6 


PoYTE 


34CF 


PEOF 


4E6 


PEOL 


0534 


PO 


C5PF 


PRTYO 


0C7F 


PRVAL 


P2D5 


PSAVE 


3C36 


PEW 


0306 


R3R 


fi 2 


RCKB5 


0412 


KCMlO 


04 2F 


HCMD 


£ 4 C 6 


KEG 3 5 


02E2 


REGIO 


02EC 


r::g15 


3337 


REGDS 


2DF 


REGS 


3C2E 


RGA05 


0315 


RGAl 


0323 


FGA3R 


0310 


RI 


3 SIC 


RI05 


05 ID 


KXr? 


e52A 


KII0 


0537 


RI15 


549 


RICH 


0513 


RGTrr 


0327 


IsSTu 


0338 


I:TA3 


C3C0 


RTA3S 


0303 


sexes 


0114 


SCKIO 


OllF 


SGM15 


012F 


sc:;d 


01 OF 


SG'iC-i 


C395 


SCMSG 


OOIE 


SP 


3 6 


SRET 


033B 


SSAVE 


3C33 


S1HC5 


335E 


STHF0 


3 3D 


STHLF 


0348 


T E .'•'. ? 


3C3A 


TEi<M 


i> -J i O 


TIiDY 


3331 


TRUE 


0F9F 


r^ /r-i '/ T r-, 

1 A . /-i aJ 


n 't n 7 
1/ ly .1. / 


TX3E 


3S34 


UPPER 


C3FF 


L'SRRR 


3C3D 


VALDG 


0367 


VALDL 


0382 


wc;-:c5 


4 4 B 


WCMIO 


0460 


WCM15 


04 5 3 


wc;i20 


C47B 


KCM2 5 


0490 


WCMO 


C 4 4 1 


xc:;35 


0145 


XCM10 


0154 


XCM15 


0151 


xcy.20 


017F 


xcy.2 5 


S196 


XCM27 


0197 


XCM33 


019F 


XCKD 


0133 



02 



* 03 

* Si 

* 05 
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REQUEST FOR READER'S COMMENTS 

The Microcomputer Division Technical Publications Department attempts to provide documents that meet the needs of all 
Intel product users. This form lets you participate directly in the documentation process. 

Please restrict your comments to the usability, accuracy, readability, organization, and completeness of this document. 

1. Please specify by page any errors you found in this manual. 



2. Does the document cover the information you expected or required? Please make suggestions for improvement. 



3. Is this the right type of document for your needs? Is it at the right level? What other types of documdnts are needed? 



4. Did you have any difficulty understanding descriptions or wording? Where? 



5. Please rate this document on a scale of 1 to 10 with 10 being the best rating. 



NAME DATE. 

TITLE 



COMPANY NAME/DEPARTMENT. 
ADDRESS 



CITY STATE ZIP CODE 



Please check here if you require a written reply. D 



WE'D LIKE YOUR COMMENTS . . . 



This document is one of a series describing Intel products. Your comments on the back of this form will help 
^■l^duce better manuals. Each reply will be carefully reviewed by the responsible person. All comments and 
suggestions become the property of Intel Corporation. 
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